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HANNIBAL’S FROZEN ASSET 


The Romans smugly thought the icy barrier of the Alps im- 
passable. But Hannibal turned the paralyzing cold to his 
advantage. He had water poured into the crevices of road- 
blocking boulders. The expansion of the freezing water “made 
little ones out of big ones” — and another road led to Rome. 


Low temperature, which worked to Hannibal’s advantage, 
is a distinct disadvantage to operating machinery. Under 
low temperature conditions, some steels that may perform 


perfectly at ordinary temperatures, develop unsuspected 
weakness. There is always danger of a parts failure 
under such conditions. 

One way to assure good performance at low temperatures 
is to specify molybdenum steels. Good hardenability plus 
freedom from temper brittleness give them good low tem- 
perature impact strength. They are a precaution it pays not 
to ignore. Practical working data are available on request. 


MOLYBDIC OXIDE—B8RIQUETTED OR CANNED @ FERROMOLYBDENUM e “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 













1.—THE “RADIUM HOUND,” for tracking down lost 
radium, is so ultra-sensitive that it can detect the 
presence of (a) 4 quadrillionths, (b) 25 bil- 
lionths, (c) 17 thousandths of an ounce of this 
precious metal? 


RIGHT WHERE 


ou ARE I 





3.—A REVOLUTIONARY X-RAY can now “freeze” 
the image of a bullet while traveling through a 
high-powered rifle. This X-ray tube takes a pic- 
ture in —(a) 3/10,000th, (b) 15/100,000th, (c) 
1/1,000,000th of a second? 
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*SCIENTIFIC QUOTIENT—broad knowledge in the field of science 


Westinghouse 


PLANTS IN 25 CITIES OFFICES EVERYWHERE 


Tune in: TED MALONE — Monday, Wednesday, Friday, 
11:45 am, EST, American Network 
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2.— THE PRECIPITRON is a device for removing 
95% of all solid matter from air. It does this by 
—(a) capillary action, (b) electrostatic attrac- 
tion, (c) osmosis? 





4._ iF You HAD a piece of string one astronomical 
unit long, would it stretch—(a) 115,562 miles, 
(b) 92,897,416 miles, (c) one light year? 


P How can I find 
the right job 
° with the 
right company? 


If you are interested in a 
career in research, engineer- 
ing, manufacturing, design, 
sales or business administration, 
it will pay you to consider the 
extraordinary opportunities offered by Westinghouse 
to young college graduates, 

Westinghouse owns and operates 29 major plants 
for the manufacture of all kinds of electrical and 
mechanical equipment, ceramics, plastics, alloys and 
many other products. 

No matter what future career 
you plan, be sure to send for the 
32-page book — “Finding Your 
Place In Industry.” Make it the 
guide book of your future! | 

Write: The District Educa- 
tional Coordinator, Westinghouse 
Electric Corporation, 10 High 
St., Boston 10, Massachusetts. 












He borrowed to create a business 


Benjamin Franklin believed in hard work. 
He started his printing business on a shoe- 
string, with borrowed money. His credit 
and reputation were good because he was 
thrifty and industrious. He delivered his 
printing to customers in a wheelbarrow; 
worked far into the night frequently. 
From literally nothing he developed a re- 
spected business. 

American business and industry have 
been built only by hard work and good 
management. The contributions that man- 
agement has made to the nation are clear: 
it has created great industries, millions of 
jobs; it has safeguarded the foundations 
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of our business structure by planning and 
conducting business soundly. We shall 
continue to ‘progress only if an honest 
day’s work continues to be recognized as 
hoth desirable and necessary. 


Today, the printing industry is mechanized. In 
thousands of printing machines, °F bear- 
ings — both ball and roller — have conquered 
friction, and helped make modern printing 
machinery possible. Science-minded Franklin 
would have appreciated EALGF bearings ... 
they’re built to do specific jobs and do them 
right. In printing, as in other industries, they 
have proved to be: 


THE RIGHT BEARING FORTHE RIGHT PLACE 


BALL AND ROLLER 
BEARINGS 


Puts the 


eT. cs 


in the 
RIGHT PLACE 
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“Our knowledge is the amassed thought and experience of innumerable minds” 


—RALPH WALDO EMERSON 


Why some things get better all the time 


THE OLD-FASHIONED STOVE has warmed many a gen- 
eration through the years. But today families are kept 
healthfully warm by far more effective means. 


There are electric heaters and electric blankets with 
their efficient alloy heating elements. Individual gas 
fuel installations. Improved heating systems for our 
homes, ranging from oil burners with fuel nozzles of 
long-lasting synthetic sapphire to the new panel heat- 
ing with its welded piping. Also giving you finer service 
are better insulated electrical wiring, vast central heat- 
ing systems, and city and cross-country gas lines. 

Far-reaching are the improvements in heating and 
power enjoyed by families today ... And most of these 
improvements are possible because of better materials. 


Producing better materials for the use of industry and 
the benefit of mankind is the work of UNION CARBIDE. 

Basic knowledge and persistent research are re- 
quired, particularly in the fields of science and engi- 
neering. Working with extremes of heat and cold—fre- 
quently as high as 6000° or as low as 300° below zero, 
Fahrenheit —and with vacuums and great pressures, 
Units of UCC now separate or combine nearly one- 
half of the many elements of the earth. 


Unton CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET [fg NEW YORK 17, N. ¥Y. 


Products of Divisions and Units include 
LINDE OXYGEN ¢ PREST-O-LITE ACETYLENE * PYROFAX GAS ¢ BAKELITE, KRENE, AND VINYLITE PLASTICS 
ACHESON ELECTRODES « EVEREADY FLASHLIGHTS AND BATTERIES * NATIONAL CARBONS 
PRESTONE AND TREK ANTI-FREEZES ¢ ELECTROMET ALLOYS AND METALS ¢ HAYNES STELLITE ALLOYS * SYNTHETIC ORGANIC CHEMICALS 






































































Briefing the News... 


Perambulating Ocean... 


NE of the latest additions to the United States 
Navy’s testing facilities has been a circulating 
water channel, through which 2500 tons of water are 
circulated at speeds up to twelve miles per hour. 
Models of ships can be placed in the current of water, 
and the flow of water around the models simulates the 
performance of full-scale ships in plowing through the 
water of the sea. 

The channel has glass walls, through which the 
currents and eddies around the models can be observed 
and photographs can be taken. The water is pumped 
by two 1000 horsepower Westinghouse motors attached 
to variable-pitch propeller blades, and the velocity of 
flow of the water can be changed by varying the pitch 
of the impeller blades. 


Non-Metallic Magnets... 


Small non-metallic permanent magnets, consisting 
of highly compressed oxides of iron and cobalt, have 
been developed to serve in electric meters in aircraft. 
Like the magnetic oxide of iron, Fe,O,, the mixed 
oxides of iron and cobalt are highly magnetic. Unlike 
metallic magnets, however, the oxide magnet is not a 
conductor of electricity, and therefore the eddy cur- 
rents that usually form in the magnet of an electric 
meter are eliminated. As a result, the new meters are 
among the most accurate as well as the lightest ever 
devised. 


Radar on the Great Lakes... 


News has come from Western Electric Company 
that Radar is being used to safeguard the shipping 
fleets on the Great Lakes, especially because of the 
narrow channels between the lakes through which a 
very large amount of shipping passes. Six companies 


Underwater view of a buoy anchored in a moving stream 
of water in the Navy testing tank 





have already installed the new Radar apparatus, which 
is of the plan position indicator type which shows a 
view of the lake and shoreline around a vessel on the 
fluorescent screen of a cathode ray tube, regardless of 
the nature of the weather. 

Tests are being carried out by the Lakes Carriers 
Association with the cooperation of the Coast Guard, 
and it is expected that they will recommend the use 
of Radar on all ships. 


Return of the 
Platinum Metals... 


Due to their extensive wartime use, platinum and 
the metals closely related to it chemically have been 
almost unattainable. Now they are beginning to flow 
back to market, and their all-time high prices have 
started back to normal. 

Some of the very rare metals related to platinum, 
such as osmium, rhodium, and ruthenium, have been 
put to a considerable number of peacetime uses. Ruthe- 
nium in particular is in demand to make hard platinum 
and palladium alloys for jewelry, the points of fountain 
pens, etc. Rhodium has also returned to the civilian 
market in rhodium alloy jewelry and rhodium plated 
articles. 


Life on Mars... 


The problem of the existence of life on Mars may 
soon be solved by astronomers with the aid of a new 
photosensitive cell developed by Dr. G. P. Kuiper of the 
University of Chicago and Drs. R. J. Cashman and 
W. Wilson of Northwestern University. The invention 
is a tiny photoconductive cell made of lead sulfite, 
which is especially sensitive to infra-red or heat rays. 

With the new apparatus, which is reported to be a 
thousand times as sensitive as any previous instrument, 
many interesting things have been 
discovered about the planets Saturn 
and Venus, and about the little- 
understood giant red stars. 

Its possible application to the 
discovery of whether life exists on 
Mars is due to the unusual way in 
which chlorophyll, the green color- 
ing matter of plants, reflects infra- 
red light. Chlorophyll is an excel- 
lent reflector of heat rays, so that 
infra-red photographs of plants 
show them as having white leaves. 
The infra-red absorption spectrum 
that chlorophyll does possess, how- 
ever, is distinctive. 

Scientists have long observed 
certain green markings along a series 
of channels running between the 
polar caps of Mars. It has been spec- 
ulated that these channels carry 
water from ice-bound polar caps, 
and that the green markings are 
vegetation growing along them. 
Since the chlorophyll of plants has 
such an unusual infra-red spectrum, 
the matter may soon be decided with 
the new infra-red electric eye. 
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The Timken Roller Bearing Company plant 


CANTON, OHIO 


proves ada 


An outstanding example of adaptability of Gas and Gas 
equipment in successfully solving any industrial heating 
problem is seen in the world’s largest rotary furnace 
used to heat alloy steel billets for piercing into seamless 
steel tubing at the Canton, Ohio plant of The Timken 
Roller Bearing Company. 

Here, equipment engineers were called upon to build 
a furnace for heating round billets up to 10” in diaméter 
and 12’ in length, which would do the job more eco- 
nomically than existing equipment. 

The result is this Gas giant with 2100 sq. ft. of hearth 
area and a capacity of 80,000 Ib. per hour, when heating 
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World’s largest rotary furnace 


bility of GAS 


wie TENG ISTE 







billets up to 2250°F. Speed of the hearth ranges from 2 
to 8 hours per revolution. Temperature control is fully 
automatic and a single operator can determine the tem- 
perature and location of each billet at any instant during 
the heating period. Since the start of operations, this 
Gas furnace has saved an average of 2% in scale loss 
alone. Maintenance costs are at a minimum and six 
men per turn were released for other plant duties. 

Manufacturers of Gas-fired industrial equipment, co- 
operating with Research Engineers of American Gas 
Association, have applied Gas, successfully, to thou- 
sands of manufacturing operations. The characteristics 
of Gas make it the ideal fuel for industrial heating and 
heat-treating. 


AMERICAN GAS ASSOCIATION 


420 Lexington Ave., New York 17, N. Y. 






GAZ 


FOR ALL 
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AIRBORNE PP] 
‘““NAVASCOPE”’ 
SET FOR MAXIMUM SCALE 


SHOWS ALL MEMBER 
AND GUEST AIRPLANES 
WITHIN DESIRED LAYER 
ABOVE OR BELOW 
OWN ALTITUDE 



















POSITION OF 
OBSERVER’S PLANE— 


GREEN ARROWS 
SHOW HEADING OF 
OWN AIRPLANE 


WIND DIRECTION ARROWS 
SHOW ONLY ONCE EVERY 
FIVE SECONDS 


PULSE 
TRANSMITTER 


Navar 


By EDWARD T. MILLER, ’49 


All pictures and diagrams courtesy of the Federal Telecommunications Laboratories 
of the International Telephone and Telegraph Corporation 


oie we look up at the sky, there seems almost 
to be an infinity of space in which we can fly. In 
a sense that is true, for in relation to the total volume 
of flyable atmosphere, the amount of space occupied 
by all the airplanes the world will use in the foreseeable 
future is negligibly small. Yet nearly every day because 
of overcrowded airways flights are cancelled at one 
point or another in the United States. This is annoying 
to the travelers who are subsequently put at consider- 
able inconvenience. They suffer a loss of the very 
thing they are trying to save by flying — their time. 
Such flight cancellations also bother the airlines, for 
they not only lose the immediate business, but they 
lose customers who value reliability more highly than 
the hours saved by vo 

This is aggravated all the more by the knowledge 
that weather in all but its very severest form presents 
no insurmountable obstacle on hesemhid aloft the modern 
airplane with its latest improvements. Planes can fly 

rfectly well through the average weather that causes 
hi ht cancellations, but being able to fly and being 
able to avoid other planes while flying are two different 
problems. In general there may he plenty of space in 
which to fly, but airliners fly to particular places, and 
there are usually many more flights than one scheduled 
for the same city and along similar paths. 

Everything works out all right when weather per- 
mits a pilot to see where he is flying. When, however, 
there occurs even a slight fog, not hindering the plane’s 
flying ability at all, but just the same forcing the pilot 
to fly blind, the pilot must tune into existing naviga- 
tional systems to keep from colliding with other air- 
planes. The basic principle of the present type of 
navigational aids is the radio beam. It provides for a 
narrow lane between two stations (usually airports) 
along which planes can fly blind and be guided: by 
ground personnel who have over-all information for 
the lane. 

Usually each lane has to serve for flights in both 
directions and the only way to segregate them is by 
altitude. Then there is the difficulty of intersecting 
lanes. 

It all adds up to a complex traffic problem which 
has to be guided by men and not machines on the 
ground. The information gathered for these traffic 
controllers is gathered from numerous sources and pre- 
sented before them in a static picture which they have 
to make kinematic in their minds. They must then 
verbally communicate with the pilots when condi- 
tions of danger exist. 

Under this system the available space for airplanes 
is quickly filled. Flying along those narrow lanes 
usually limits the speed of every plane to that of the 
slowest, since there are no safe ways of passing. Then 
when the planes on a particular beam flying towards a 
certain airport get there, the problem of eg them 
on the ground springs up. If, as quite often happens 
during bad oro og more planes are arriving than can 
land, the planes are stacked. This means that each 
plane is assigned an altitude by the airport where it 
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circles around until permitted to land. This stacking 
is costly to the airlines, and it cannot be done indefi- 
nitely. Eventually the air may become so crowded 
that planes are prevented from approaching the air- 
port and are ordered to circle around where they are. 
Canneuneners it is possible when bad weather exists 
over New York City to have flights from Washington 
to there cancelled, even though there is clear weather 
along most of the way. 

he present radio beam system is safe enough for 
the traffic it handles, but it is so very inadequate com- 
pared to the amount of business the airlines could do 
that great effort has been made to bring forth a new 
system out of the many discoveries and developments 


Different functions of the Navar system 


that occurred during the War. International Telephone 
and Telegraph, through its Federal Telecommunica- 
tions Laboratories, has been working on a system called 
Navar. The other major system Blea developed is 
R.C. A.’s Teleran. 

Both systems are built around a ground surveil- 
lance radar station which does the greater part of the 
task. Both ground units present the location, etc., of 
the planes covered on a PPI (plan position indicator) 
scope. The major difference between the basic phi- 
losophies of each is that Navar transmits the pictorially 
represented information gathered by the ground unit 
to the plane by means of a radar technique while Teleran 
does it by television. In this article we shall consider 
in some detail the Navar system. 

The major services = to the airplane under 
the Navar system may be divided into five.units. Each 
of these functions can be achieved more or less inde- 
pendently of the others by different sets of equipment, 
and yet they can be combined, making use of equip- 
ment mutually, and thus molded into one system 
requiring a minimum number of transmitters and 
receivers. It was Federal’s policy to get a general idea 
of navigational problems which confront the airlines 
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proouces A PULSES aT Sav 
30 PPS + RANDOM VARIATIONS TIMER 


AIRPLANE EQUIPMENT, TUNABLE TO THE A 

PAIR OF A BAND AND G BAND CHANNELS (PTD 
ASSIGNED TO ANY DESIRED GROUND TRANSMITTER 
STATION 


A = AIRPLANE DISTANCE INTERROGATION 
PULSES, FOR SELF-DISTANCE FUNCTION, 
On A CHANNEL 


GA_ = GROUND RESPONSE TO A PULSES, 
On G CHANNEL 


GROUND STATION EQUIPMENT, FIXED RECEIVER 
TUNED TO PaiR OF A BAND ANDG = ——— (LR4) 
BAND CHANNELS PERMANENTLY A 
ASSIGNED TO IT. 


(PT), (LR1), ETC, ARE DESIGNATIONS OF 
EQUIPMENTS PERFORMING THIS FUNCTION 
{AMONG OTHERS) IN THE COMPLETE 
System. SEE FIGURE ¢ e 





Airplane Self-Distance function 


now and which seem likely to develop in the next ten 
years. They wanted a system whereby remedies could 
be adopted separately in order of importance and a 
system that allowed present techniques to be used 
immediately. Thus it would be able to expand and 
improve with new scientific developments and also 
meet further problems as they arose with a maximum 
flexibility. 

Two functions of Navar, based on known tech- 
niques, and able of immediate adoption, are the Self- 
Distance Indicator and the Self-Azimuth Indicator. 
The former tells the pilot via a suitable instrument the 
distance he is from the ground station he has selected. 
(Each station has a radius of coverage of about one 
hundred miles.) The Self-Azimuth Indicator shows the 
pilot by a pointer mounted on a radial dial the azimuth 


The three main variations on a Plan Position Indicator system 


COMPREHENSIVE 
BEACON RADAR PP1 





REPEATING DISTANCE 
METERS 


SINGLE CHANNEL, 
FIXEO TUNED 


BEACON RADAR PP1 


a he 






of his plane relative to the ground 
station to which he is tuned. That 
is the angle between his plane and 
the north as viewed from the par- 
ticular ground station. 

Before we consider how either of 
these services functions, we ought to 
note the RF (radio frequency) chan- 
nels used by the whole Navar sys- 
tem. First there is the common R 
(radar) channel used by all ground 
stations to locate the planes within 
their radii of coverage. Then there 
is the G (ground transmission ) 
channel. Each ground station has 
assigned to it an individual G chan- 
nel used for sending pulse messages 
to the planes tuned to it. Finally 
there is the A (air transmission) 
channel. Each airplane sets its 
transmitter to a certain A channel 
corresponding to the ground station 
it has its receivers tuned to. The A 
channel is used by the plane to send 
pulse messages to the ground sta- 
tion. It must be understood that 
these messages are not verbal but are coded systems 
of pulses which will signify something to the receiving 
set. Such messages can range from a set of pulses 
standing for a certain altitude to a signal indicating 
the on or distance of an object. 

For the Self-Distance function the airplane’s 
transmitter sends out over the A channel it is tuned 
to pulses with a slight random variation in the number 
per second. These pulses are picked up by the receiver 
at the ground station to which the particular A channel 
corresponds and are retransmitted omnidirectionally by 
the ground station .in its G channel. The plane’s 
receiver, which is tuned to this G hand, picks up the 
answer, and by gauging the time for the answer to an 
individual pulse to come back, an electro-mechanical 
device can be made to read the distance from the plane 
to the station. 

Because of the random variation 
of the pulses originally sent out, 
the plane can pick out the answer 
meant for it irrespective, within 
reason, of the number of other planes 
using the same station for a self- 
distance measurement. The random 
variations used by the other planes 
will not correspond to the given 
pans variation for any appreciable 
ength of time, and therefore an 
arrangement is made for registering 
only the G pulses with the given 
plane’s random variation. This func- 
tion, alone, requires a receiver and 
a transmitter in the plane and also 
one of each at the ground station. 

In the Self-Azimuth operation 
the ground station sends out over 
the i channel an accurately directed 
pulse at a given number of times per 
second, for instance 600 pps. This 
beam of pulses rotates about at a 
fixed number of times per second. 
While all stations use the same R 
channel, they do not use exactly the 
same number of pps or the same 
rotational rate. 
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Variation of layer displayed 


The ground station also sends out omnidirection- 
ally over another transmitter set for its G band pulses, 


G,, exactly synchronous with its 


pulses. These pulses in the G channel are received by 
the planes with one of their receivers tuned to the 
given station. Each time a G, pulse is received. it 
opens a gate allowing directional radar pulses to regis- 
ter if there happens to be a beam directed at the plane. 
Thus only directional radar pulses received regularly 
are from the chosen ground station. Coupled with this, 
the ground station also sends out omnidirectionally a 
special pulse, G,, over its G channel every time its 


radar beam is directed north. If the 
rotational rate of the beam is known, 
an electro-mechanical system can 
use the time difference between the 
arrival of the G, pulse and the 
directional radar pulse to measure 
the plane’s azimuth relative to the 
station. The Self-Azimuth opera- 
tion by itself uses two transmitters 
at the ground station and two re- 
ceivers in the plane. 


Airplane Self Azimuth 
function 





R= R PULSES FROM ONL 
GROUND STATION, AS GATED BY 
OF G, PULSES 


——&——— R= RADAR INTERROGATION PULSES, ON 
UNIVERSAL R CHANNEL, SAY 600PPS, 
DIRECTIONAL BEAM ROTATING SAY 
IRPS, BUT NON- SYGHRONOUS IN PPS 
OR RPS WITK RESPECT TO OTHER 

GROUND STATIONS 





paeee. Aah G.= GROUND SYCHRONIZING PUL SES ON 
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OWN R PULSES 
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With the Self-Distance and Self- 
Azimuth feature both installed in a 
it is possible for the pilot to 

y any radial or circular course with 
respect to the ground station by his 
instruments alone. With these two 
indicators assisting an autopilot 
either of those courses can be * esi 
automatically, and if an extra com- 
puting circuit is added any straight 
course known as an offset course can 
be flown. 

Next we can consider the func- 
tion of Navar known as Nava- 
spector — a ground surveillance 
radar system which combines nor- 
mal reflection response and beacon 
response radar. Three sets of in- 
formation are gathered and dis- 
played on scopes at the ground sta- 
tion. First there is a transmitter on 
the ground which sends out direc- 
tional radar pulses, R, in the com- 
mon R channel. The station is 
equipped with a directional receiver 
to pick up reflected pulses, RR. By 
automatically calculating the dis- 
tance of the object, usually a plane, causing the reflec- 
tion and combining this with the direction of the object 
from the station, the ground station has the necessary 
information for showing the object as a blip (dot of 
light) on a PPI scope whose center represents the 
location of the station. However, this normal radar 
(NR) scope depends on reflected pulses, which are very 
weak, and thus there is bound to be interference at 
times. In addition to lack of clearness on the NR scope, 
other things besides airplanes may get represented. 

With the planes carrying beacon responder sets, 
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Cosmic Ray Phenomena 


By HARRISON. WHITE, ’50 


Pictures and diagrams courtesy of ‘What Are Cosmic Rays?’’ by Pierre Auger, University of Chicago Press 


VERY minute of our lives over a thousand cosmic 
rays traverse our bodies. Yet, until early in this 
century, we had not the vaguest notion that such rays 
existed. Residual ionization was the key which un- 
locked the hitherto unsuspected door to cosmic ray 
phenomena. In the course of experiments designed to 
lead to a more perfect understanding of the nature of 
ionization, a number of investigators were, at the turn 
of the century, trying to eliminate all ionization from 
a given sample of gas. No matter how well the gas was 
shielded, however, it remained ionized to a slight 
extent. After many unsuccessful attempts at eliminat- 
ing this ionization by improving experimental methods, 
most of the workers dismissed it as “residual” and 
unimportant. Certain investigators— notably Wil- 
son, Gockel and Hess — were not, however, satisfied. 
They found that normal air at sea level was ionized to 
the extent of twenty ion pairs per cc. per second. By 
placing thick shields of metal around their ionization 
counters, these investigators were not able to cut the 
number of ionizations below two per cc. per second. 
Then they decided to find out how much farther the 
count would decrease when the counters were moved 
into the atmosphere away from the earth, whose 
radioactive impurities were, supposedly, causing the 


Measuring cosmic rays in the Swiss Alps 


residual ionization. To the amazement of the investi- 
gators, the residual ionization increased with altitude! 
In 1909 Gockel showed that there was a distinct 
increase in ionization at the height of two and one-half 
miles. In 1910 Hess found an even greater increase in 
residual ionization at higher altitudes. Hess was the 
first one to propose that this residual ionization was 
caused by rays coming from outside the atmosphere 
(Héhenstrahlung). For his work, Hess received the 
Nobel prize. In 1913 W. Kolhorster attairied a height 
of six miles, at which altitude the residual ionization 
was increased by a factor of thirty. There was no 
longer any doubt that a significant phenomenon had 
been discovered. 

Before we go on to a closer study of cosmic ray 
phenomena and theory, it would be well to understand 
the devices used in cosmic ray research. The electro- 
scope, the Geiger-Muller counter, photographic plates, 
and the Wilson cloud chamber — these are the tools of 
the cosmic ray investigator. The electroscope consists 
of a volume of gas imprisoned between two electrodes at 
a potential difference. If a charged particle penetrates 
the gas, ion pairs will be produced; these charged ions 
will carry current between the two electrodes. Hence 
we can measure the intensity of an ionizing beam by the 

amount of current produced in the 
electroscope. Often, however, it is 
desirable to be able to register the 
passage of a single particle. The 
Geiger-Muller counter is the device 
best suited to make such detections. 
In its usual form the counter con- 
sists principally of a thin wire 
stretched axially through a copper 
cylinder between the ends of an 
evacuated glass tube which con- 
tains both the cylinder and the 
wire. The cylinder and the wire 
are aimee to the opposite ter- 
minals of a powerful battery, and 
usually there is a resistance of one 
or two megohms in series with the 
circuit. The tube is filled with a 
mixture of gases such as argon and 
oxygen under a pressure of about 
76mm of Hg. As soon as a particle 
enters the counter, it produces ions 
ranging in number from one to 
sixty pairs per centimeter of path, 
depending on the energy of the 
article. Under the influence of the 
arge field which exists between the 
electrodes, the primary ions are 
given sufficient energy to produce 
ionization themselves; thus an ap- 
preciable current is produced in a 
very short time. The large resist- 
ance provides a great enough 
damping effect to choke off the 
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Figure 1: Clay’s latitude curve, showing the 
equatorial depression in cosmic ray intensity, 
and the two polar plateaus. (After Clay.) 


current after a short time, clearing the counter quickly 
enough so that the time required in detecting a single 
particle is less than a few thousandths of a second. If 
two or more counters are set up in a straight line, it is 
possible to arrange their electronic circuits so that no 
counts are recorded unless all the counters are dis- 
charged at the same time. The result is that the pas- 
sage of a particle is not recorded unless it is comin 

from such a direction that it can pass through all the 
counters. Such a setup is termed a coincidence counter, 
and is used in determining the place of origin of ionizing 
rays. To most people, the cloud chamber is the most 
satisfying of all the instruments used for detecting 
ionizing rays, because you can actually see what 
happens. The principle of the cloud chamber is simple; 
ions formed in a gas supersaturated with water vapor 
are cores around which droplets of water tend to form. 
Therefore, when a chamber filled with gas saturated 
with water vapor is suddenly expanded and hence 
cooled, droplets of water will be able to form on the ions 
which will be present if an ionizing particle has just 
passed through the chamber. A camera is set up so 
that it will automatically photograph the chamber 
every time an expansion takes place. The cloud 
chamber can be used much more efficiently when it is 
hooked up with a Geiger-Muller coincidence counter 
circuit in such a way that expansions take place only 
when the counters above and below the chamber have 

both been discharged. 

When ionizing rays strike photographic plates, 
they leave behind a trail of black silver particles which 
clearly delineate the path of ray; consequently, photo- 
graphic plates are often used in the detection of ioniz- 





ing particles, since the plates provide a cheaper, though 
less accurate, means of detection than the cloud cham- 
ber. In summary we might say that there are four 
principal devices for the detection of ionizing rays: 
ionization chambers which measure the intensity of the 
ionizing beam; Geiger-Muller counters which record 
the passage of a single ionizing particle; and lastly, 
Wilson cloud chambers and photographic plates, both 
of which show the path of the ionizing particles. 
Let us now resume the discussion of cosmic ra 

phenomena. The first World War interrupted the walk 
of the cosmic ray investigators, but immediately 
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Figure 2: Shower curve (also called the ‘‘Rossi 
curve’’) obtained at an altitude of about two miles 
with an arrangement of four counters. Note the 
great increase resulting from the superposition of 
the first two centimeters of lead, and the sharp 
maximum, followed by a gradually sloping decline. 
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Compton, Wollan, and Bennett 


A twelve-hour record of cosmic ray ionization obtained with a specially designed ionization 
chamber and electrometer. The wavy white line records the position of the electrometer needle; the 
heavy black line records the barometric pressure; and the fine white line is a record of the temperature. 
At the end of each hour the needle returns to its zero position. The dark vertical lines mark off the 
hours. A sudden jump of the electrometer needle indicates a burst of ionization. 
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afterward the work was resumed with renewed vigor. 
The intensity of the cosmic rays was measured deep in 
mines, under large bodies of water, and high in the 
atmosphere. When the graph of the intensity of the 
cosmic rays was plotted against the thickness of the 
material through which the rays had penetrated, it was 
seen that the intensity rose to a maximum at the middle 
altitudes, after which it decreased steadily. Therefore 
the cosmic rays were shown to be of such a nature that 
they increase in number for a time after entering the 
atmosphere, after which time they begin to be absorbed. 
Several other consequences of these investigations of 
cosmic ray intensity soon became evident. For one 
thing, the rays were shown to consist of at least two 
components: one hard and the other soft. The hard 
component was found to be very penetrating, since it is 
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Corson and Brode 


Extensive atmospheric (or Auger-) shower con- 
taining many high-energy electrons. Note the 
parallelism of the vertical tracks, which indicates 
that the shower must have originated high above 


the apparatus. 


found as far down as any measurements are made. On 
the other hand, the soft component was seen to be not 
too penetrating since the amount of it present was 
found to be almost negligible at great depths. It must 
be realized that the latter component is soft only rela- 
tive to the hard component: actually the soft compo- 
nent is 1000 times more energetic than the most ener- 
getic gamma rays from radioactive substances. As 
another result of the measurement of cosmic ray inten- 
sity it was demonstrated that the cosmic rays are 
absorbed according to the following equation: 
I,=I,e"* 

where J, is the intensity of the rays after having pene- 
trated to a depth x of material, J, is the original inten- 
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sity, e is the natural base of logarithms, and yp is the 
linear absorption coefficient of the material. Often 
the above equation is expressed in the form: 


I= Te /20(0) 


where (5) is the mass absorption coefficient of the 


material and (px) is the weight in grams per cm? of a 
cross section of the column with depth z. Since the 
absorption of the cosmic rays depends only on the 
density of the absorbing material, it is customary to 
express the thickness of the material in terms of an 
equivalent thickness in meters of water. 

The only rays which are absorbed according to the 
above equation are electromagnetic waves, or rays of 
particles such as electrons which do not change their 
properties in traveling through matter. In order to 
determine to which class the cosmic rays belong, it was 
necessary to find out whether the intensity of the 
cosmic rays varied with the latitude. If the cosmic 
rays were charged particles, they would, in effect, 
constitute a current of electricity because of their 
great speed. Therefore, when the cosmic rays ap- 
“ap the magnetic field of the earth, they all, 

e deflected in a direction perpendicular both to the 
earth’s magnetic lines of force and to their own veloc- 
ity. The energies which the cosmic rays must possess 
as a consequence of their great penetrating power are 
of such magnitude that, even if it were true that the 
cosmic rays were charged, the earth’s magnetic field 
could affect them appreciably only if the rays were in 
it for long periods of time. Therefore, it was deduced 
that if cosmic rays were charged, they must have their 
origin outside of our solar system. Furthermore, 
measurements indicated that the intensity of cosmic 
rays does not vary as we move through space; hence 
the distribution of the cosmic rays is presumed to be 
homogeneous throughout the universe. Since the 
magnetic lines of force of the earth run between the 
North magnetic pole and the South magnetic pole, 
cosmic rays approaching the equator would be deflected 
unless they had energies in excess of 2 X 10" ev. (elec- 
tron volts) while those in the polar regions could 
approach the earth unhindered. Consequently, as 
counters were moved further and further away from 
the equator the intensity of the cosmic rays should 
increase if the cosmic rays were actually charged 
particles. The graph of Clay’s measurements is shown 
in Figure 1. You will notice that at latitude 40° the 
curve levels off, showing that although the geomagnetic 
effect of the earth continues to decrease ate this 
latitude, there is no corresponding increase in the 
intensity of ionization produced by cosmic rays. This 
condition exists because the cosmic rays must overcome 
the magnetic effect of the sun before they can ever 
reach the earth. Hence, cosmic rays below an energy of 
6X 10° ev., which energy corresponds to that needed to 
reach the earth at 40° latitude, are not even able to 
penetrate the sun’s magnetic field. A. H. Compton and 
J. Clay showed that this actually was the case by 
measuring the intensity of cosmic rays in a number of 
global voyages. Therefore we know that cosmic rays 
consist, at least in part, of changed particles. There is 
another important consequence of the geomagnetic 
effect of the earth on cosmic rays; namely, positive 
cosmic rays should be deflected towards the east, while 
negative cosmic rays should be deflected towards the 
west. Hence if we set up coincidence counters in the 
proper manner, we will be able to determine whether 
more cosmic rays seem to come from an easterly or 
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The Radio Society of M.I.T. 






By PETER JOHNSON, ’48 


OX of the many student organizations at the 
Institute is the Radio Society, which owns and 
operates a complete amateur radio broadcasting and 
receiving station with the call WIMX. It is open 
almost any evening after five o’clock, and any student 
or faculty member of Technology is welcome to drop 
in for a chat over the air with amateur radio operators 
in the vicinity, and sometimes it is possible to converse 
across the country or across the ocean. Members of 
the Radio Society talked to Hawaii and Japan before 
the war (it is not recorded whether the communications 
were in Japanese), and reached Honolulu as early as 
1922, when radio was in its infancy. 

In addition to operating several transmitters for 
radiotelephone transmission, the Society is a member 
of a nation-wide and world-wide network of amateur 


Station 1MX around 1920. The left-hand piece of equipment is a 
quenched-gap spark transmitter, used before effective vacuum-tube 


transmitters had been developed 





radiotelegraph stations working to- 
gether to distribute messages to all 
parts of the world through the dots 
and dashes of the international code. 
Anyone may leave a message to be 
transmitted by the Radio Society to 
any point in the United States, and 
it will soon be sent on its way toward 
its destination with the speed of 
light. The Radio Society and all 
other amateur radio stations per- 
form this service absolutely free, as 
a courtesy extended by amateur 
radio to the general public. 

As an amateur radio organiza- 
tion, however, the M.I. T. Radio 
Society is especially interested in 
training others to become proficient 
amateur radio operators. Since one 
of the provisions for obtaining a 


W1MX’s wartime home 
in Building 10 
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Federal amateur operator’s license is to be able to trans- 
mit and receive the radiotelegraph code, the Society 
has an automatic code practice machine, adjustable for 
any speed, with which any Society member can practice, 
and regular code classes for beginners are held twice 
a week. 

The oldest national radio society is the American 
Radio Relay League, which is the largest amateur radio 
organization in the world. But in 1909, years before 
the world-renowned League had come into existence, 
the Radio Society of M.I.T. had been founded. It 
was the first college radio society in the United States 
and probably one of the first radio societies in the world. 
That was long before the advent of the vacuum tube, 
and the M. I. T. Radio Society built a spark-gap trans- 
mitter which, it is reported, did a far better job of 
generating an audible noise than a 
radio-frequency signal. 

During the course of its existence 
the Radio Society went through both 
good and bad times. Shortly after 
the first World War it had reached 
a maximum membership of a hun- 
dred and seventeen. A few years 
later it had dwindled so that Tech- 
nique, the M. I. T. yearbook, forgot 
to mention its existence. During the 
first World War it disappeared from 
existence altogether, a Aon of a 
Federal ban on amateur radio activ- 
ity. After intensive efforts by the 
American Radio Relay League, 
amateur radio was soaciiiahed 
after the war, and the Society 

romptly went back into operation. 
Before the war the Federal Com- 
munications Commission had come 
into existence for the purpose of 
licensing amateur and commercial 


























































































































stations. The Radio Society received the call 1XM, 
which was eventually changed to W1MX, the present 
call of the Radio Society. The members of the any 
responded enthusiastically to the new licensing system, 
and as early as 1917 there were fifteen commercial and 
twelve amateur operators in the Society at M. I. T. 

After the first World War, however, the Radio 
Society experienced many obstacles in getting on its 
feet. Among other things, the Society could not find 
room at Technology in which to set up its transmitters. 
Finally the Superintendent of Buildings offered the 
Society the use of a cavernous room standing at the 
base of the smokestack at the power plant of M. I. T. 
It had quite a few disadvantages. It had no windows 
and a ws the floor was low and usually swamped 
with water. There was no way in which an antenna 
could leave the building, and so the members of the 
Society went to work on the wall, drilling a hole through 
it with a star drill. One of the members of the Society 
was Hiram Maxim, Jr.. the son of the inventor of the 
first World War Maxim gun. During the drilling of the 
wall, Hiram had been on the outside, working inward. 
When the hole had been completed, he stooped to 
look through it, just as someone inside decided to blow 
the stone dust out of the hole. Luckily, Hiram did not 
lose his eyesight. The hole in the wall remained on 
the side of the power plant. 

Eventually Building and Power took pity on the 
fledgling society and offered it a room on the second 
floor of the foundry in which to operate, and the mem- 
bers of the Society erected an antenna from the top 
of the chimney of the power plant to the roof of the 
foundry. No one seems to know who climbed the 
smokestack to fasten the aerial at its top. 

Just before the last World War, until May 1942, 
the Society had a “shack” just west of the Barbour 
Field House. It was furnished in a super-deluxe manner, 
with powerful transmitters operating on every amateur 
band and a separate antenna for each transmitter. All 
of the transmitters were installed behind a wire cage, so 
that they could be operated with no chance of exposure 
to the voltages necessary to operate them. During the 
war, however, the Government once again called a halt 


One of the receivers gets an overhauling 








The powerful 304th transmitting tube used 
in the final amplifier of the new kilowatt 
transmitter 


to amateur radio transmissions. The station remained 
idle until May of 1942 and then was finally dismantled 
for the duration of the war. 

Since the war the former members of the Radio 
Society and a host of new members 
have been working hard to make 
W1MxX the powerful station that it 
was before the war, but the dollar 
dues collected by the Society could 
not furnish the necessary equipment. 
Therefore the Electrical Engineering 
Department of M. I. T. generously 
lent the Society the final stage of a 

owerful kilowatt transmitter. This 

as been the basic piece of equip- 
ment around which the postwar 
station has been built. 

At present the Radio Society has 
just started operating the kilowatt 
transmitter on the twenty-meter 
radiotelegraph band, on which it 
should be possible to talk around the 
world. In addition, a radiotelephone 
transmitter has been built for the 
ten-meter band, on which commu- 
nication is usually limited to around 
fifty miles, but occasionally has been 
known to occur over thousands of 
miles. A midget portable trans- 
ceiver (combination transmitter and 
receiver) is in operation on the two- 
meter band, and every evening some 

(Continued on page 162) 
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PART II. 


N the past, one of the chief factors for the lack of 

interest in color materials in the case of amateurs, 
was the difficulty of obtaining color prints at a reason- 
able price. The disadvantages of having to display one’s 
color photographs as transparencies is at once evident. 
However, the situation is now much improved. The 
production of color prints of fair quality is hardly 
more difficult than the production of the ordinary 
black-and-white prints. More satisfactory prints, of 
course, require more elaborate techniques, but they 
can be carried through in any average darkroom. 

Ansco “Printon”’ is an example of a color printing 
paper which can be developed in a manner very similar 
to that used for the development of black-and-white 
film. This material is constructed very much similar 
to Ansco-Color film (cf. Part I). It is exposed in the 
same manner as black-and-white paper, except that it 
must be particularly carefully shielded from extraneous 
light, as it is a panchromatic emulsion. If a certain 
amount of color correction is desired, a series of filters 
for that purpose is available. The material is devel- 
oped in an ordinary developer, placed in a short stop, 
developed in a color developer, bleached and fixed. 
The simplicity of this method is its chief advantage, 
because, although the color rendition is not too bad, 
it is much poorer in most cases than the results obtained 
by using one of the following methods. (The observa- 
tions on the quality of this material are the author’s 
alone — many people do like the material, but the 
author has yet to see a truly satisfactory print made by 
this process.) ; 

Many methods have been proposed for the obtain- 
ing of color prints on paper. Nearly all of these, how- 
ever, require the use of separation negatives, and there- 
fore we will discuss these first. One of the simplest 
methods of obtaining color separation negatives, a set 
of three negatives — one of which photographs the 
blue in the scene, another the red, and the third the 
green — is by the use of a color camera. 

M, and M; are two-thirds and one-half silvered mir- 
rors respectively, i.e., they will reflect one-third and 
one-half of the incident light. P,, P, and P3; are blue 
sensitive, red sensitive and green sensitive emulsions. 
Thus it can be seen that the one-third of the light 
incident on M, will be reflected and the blue of same 
will be photographed by P,, one-half of the remaining 
light, or one-third of the original light will be reflected 
by M, and the red in same will be photographed by P». 
The remaining one-third of the original light will then 
pass through M, and the green in same will be photo- 
graphed by P;. Thus the three separation negatives 
are made simultaneously. The only disadvantage to 
this method is that the effective emulsion speed be- 
comes very low, and therefore lone exposures are 
necessary. Also, the cameras are rather expensive 
(about $325 for the inexpensive models). 

However the separation negatives can be made in 
a less expensive mianner. Three separate exposures on 
three pieces of film through A, B, and C; filters can 
be made, without moving the camera. In this way, if 
the correct filter factors are followed, a correctly bal- 
anced set of separations will be obtained. 
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Color Photography 


By KENNETH WIBERG, ’48 


THE PRINT 


The third, and the most practical method of obtain- 
ing color separations, is through the making of separa- 
tions from a color transparency. This is a simple process, 
provided care is taken to get the separations balanced. 
Perhaps a description of this process would be in order 

1. The color transparency is placed in the enlarger, 
which has been made light-tight. Next to the trans- 
parency is placed a gray scale, and a green (Wratten F) 
filter is placed over the lens. The illumination incident 
upon a piece of white paper placed on the easel is 
adjusted to a definite level (previously determined by 
experiment) by stopping down the lens. A ten-second 
exposure is made on the film used, which must of course 
be panchromatic. The film is developed to a gamma of 
0.7 in any non-staining developer. (A p-phenylene 


‘diamine, or glycin, developer should not be used.) The 


film is then placed in the enlarger and the density of 
one of the steps on the film is determined. The correct 
exposure through the F filter is then determined by 
using the following formula: 


i B= "dy—d,+1 _ E="dy—dy+ 1 


where E is the exposure, d, is the density of the step 
on the projected film, and d, is the density of the same 
step on the gray scale. y is the gamma to which the 
film was developed. 


A microphotographing instrument 

































































The transparency is then replaced in the enlarger, 
and the separation through the red F filter is then made. 
The F filter is replaced by the green N filter and an 


exposure of hur is made on another piece of film. 
Finally the N filter is replaced by the blue C, filter 


and an exposure of ftp is made on the third piece of 
Ez 





Fig. | 


film. (fx. fr, and fo, are the filter factors for the N, 
F and C, filters corresponding to the film used.) The 
green filter film is developed for the same length of 
time as the red filter film, while the blue filter film is 
developed twenty-five per cent longer than the others. 
The film is then fixed, and washed thoroughly as usual, 
and dried. If these directions were followed carefully, 
a perfectly balanced set of separations would be 
obtained. 

This sounds like a good deal of work, and it is. 
But it is much easier than trying to make a fairly good 
set of separations and correcting them later. The only 


piece of equipment necessary, which is not commonly 
found in the darkroom, is a densiometer — but inex- 
pensive densiometers have been placed on the market, 
the Haynes model being quite good for the purpose — 
and these instruments have the added advantage 
that they can also be used as printing exposure meters. 

More advance workers in the field often resort to 
masking in an attempt to try to improve color rendi- 
tion and saturation. But for the amateur’s purpose, 
unmasked separations will usually be perfectly satis- 
factory. If, however, you would like to try masking, 
you are referred to Dr. Friedman’s nitint book, 
“History of Color Photography.” 

After the separations are made, the real work of 
making color prints can begin. As the Eastman Dye 
Transfer process is the most practicable method avail- 
able for the amateur at this time, this method will next 
be discussed. 

The exposure is first determined by the following 
procedure: the easel illumination is adjusted to five- 
foot candles at f:4.5. A gray scale is placed in the 
enlarger, and the enlarger is stopped down to f: 11. 
A ten-second exposure is made through the back of 
the Kodak Matrix Film, and this is processed accord- 
ing to directions (similar to the development of black- 
and-white film, except that a hot water rinse is added). 
The matrix is dyed cyan, and transferred to a piece 
of mordanted paper. The step on the gray scale cor- 
responding to the density which was just sufficient to 
produce a noticeable color is noted, and the density of 
same is determined. The red filter negative is next 
placed in the enlarger and the density of the highlight 
is determined. The correct exposure is determined by 
the following formula: 


log E=d,—d,—1 


where d, is the highlight density, and d, is the gray 
scale density. This is identical with the formula used 
to determine the exposure for the separation negatives, 
except that the | term is dropped. 


If the three separation negatives 
are correctly balanced, the same ex- 


Adjusting the apparatus used to take color spite itil ikea of textiles eens dessa dae-anaieal tame. 1h 





however, they are not so well bal- 
anced, a certain amount of correc- 
tion can be applied. Further infor- 
mation on this point is available 
from the Eastman Kodak Company 
by requesting their booklet “Color 
Prints with the Dye Transfer 
Process.” 

The exposed matrixes are then 
developed according to directions 
provided with the film and dried. 
Then all that remains is to dye the 
three matrixes and to put them down 
on paper. The matrix made from 
the blue separation is dyed yellow, 
the green separation is dyed ma- 
genta, and the red separation is 
dyed cyan. The dye on the matrixes 
is transferred to a piece of paper 
mordanted with aluminum hydrex- 
ide by placing them in contact with 
the paper. The final result is a 
three-color print, which is usually 
very satisfactory after a little expe- 
rience with the method is acquired. 

Other methods are available, 
but this method is more simple, is 

(Continued on page 174) 
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THE SUN’S SONS 


By PETER B. NEIMAN, ’49 


\ Fourth in a series of articles on Elementary Astronomy 


E on Earth are members of a unique celestial 
family. It is the Solar System, consisting of one 
parent star, nine planets, moons, comets, meteors, and 
asteroids. From a biological and psychological stand- 
point, the most important of the offspring of our parent 
Sun are the planets, for only on them may life exist. 
For this reason, let us discuss the planets in some small 
detail, and also find out where and when they may be 
observed in the night sky. 

The planets describe approximately elliptical paths 
about the Sun, with the Sun as one focus of the ellipse. 
Proceeding radially outward from the Sun, they are: 
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, and Pluto. 

Mercury, the smallest of the planets, 3.5 X 10’ miles 
from the Sun, has a diameter of only .39 times and a 
volume .06 times that of the Earth. It is also the 
fastest planet, traveling at 29.7 m.p.s. and going around 
the Sun in 88 days. It is not much larger than our 
Moon, and, like the Moon’s behavior with the Earth, 
it is so tightly held in the gravitational grip of the Sun, 
that it rotates about its axis only once as it goes around 
the Sun, thus eternally presenting the same face to the 
Sun, which, because of its nearness, makes this face hot 
enough to melt most of the metals found on its surface. 
In contrast, the other side, which never receives sun- 
light, is well below the freezing point of water. Com- 
parison of the quality of light reflected from its surface 
with light reflected from various Earth substances 
indicates that its surface is mostly volcanic ash. 

Venus, almost as large as the Earth, is next. It is 
6.63 X 10’ miles out, travels at 21.7 m.p.s., and revolves 
in 226 days. It is the most brilliant of the planets, and 
the first one to be far enough out to hold an atmosphere. 
Its atmosphere is mostly ammonia, giving Venus its 
beautiful golden color, but unfortunately making the 
planet quite hostile to life. 

Both Mercury and Venus, being in between the 
Earth and the Sun, can only be seen when the Sun is 
visible, never in the night sky. Since the blinding glare 
of the Sun makes daytime eutalies almost impossi- 
ble, the only time left is twilight or sunrise. It is for 
this reason that the ancients called the pair Evening 
(or Morning) Stars. 

During the month of February, Mercury will not 
be in a favorable position for observation, but Venus 
will be a brilliant Morning Star, rising about 4:30 A.M. 
It will shine in the constellation Scorpio, in the south- 
east, and may be followed right up to and into the 
sunrise. 

Next is the Earth. It has a diameter of 8,000 miles, 
travels at 18.5 m.p.s., 9.210’ miles from its parent. 
Its period of revolution determines the elementary 
astronomical time unit, being defined as one year. 
It may be seen at any time of day or night by looking 
up, down, or sideways. 

Beyond the Earth come the outer planets, encir- 
cling the Earth as well as the Sun. First of these is Mars, 
with its two moons, 1.4.x 10° miles away. It takes 1.88 
years at 15 m.p.s. to go around the Sun. It is about 
half as large as the Earth, and about a tenth as heavy. 
Of all the planets, Mars most closely resembles the 
Earth in temperature range, going from about 55° 
F.. down to arctic temperatures. Its surface is probably 
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volcanic ash. Some scientists believe that there is 
vegetation on Mars, hence the possibility of higher 
forms of life. Its famous canals, however, are the works 
of nature, and not Orson Welles. 

During February, Mars will be too near the Sun for 
observation, but when it again becomes a night sky 
object, it will shine as a strikingly beautiful red body. 

Out 428 million miles, next to the Red Planet, is 
Jupiter, with its nine moons. It is rightly named Jupi- 
ter (Zeus Pater, father of the ancient world), for it is 





Four members of the solar system (top to bottom): 
Venus, Mars, Jupiter and Saturn 


the largest of the planets. Twice the matter of all the 
other planets could fit inside this body whose diameter 
is more than a third of the way from here to the Moon. 
At 8.1 m.p.s., it takes 11.8 years to complete a Jupiter 
year. As we go farther out, the planets get colder, 
since their heat depends almost entirely on the Sun. 
Jupiter is — 142° F., far too cold for life to exist. 

The King of the Heavens can be seen in the con- 
stellation Libra in the south sky. It rises about 2 A.M. 
at the beginning of February, and at about midnight 
towards the end of the month. 

Next is Saturn, 8.77 X 10° miles away from the Sun, 
with also nine moons. It is smaller than Jupiter, in 
fact all the planets beyond Jupiter get gradually smaller 
with distance, just as the ones inside got larger as they 
approached Jupiter. (Mars is the only exception.) 

(Continued on page 174) 
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THE SIXTH IN A SERIES OF MONTHLY BRAINBUSTERS 
THIS MONTH: Two Easy Ones — But Look Before You Leap! 


Problem 1: Amoeba reproduce by fission, splitting 
into two amoeba which in turn become four, then 
eight, and so on, the process occurring at regular 
intervals. 

Suppose we experiment with one of these remark- 
able animals. We place him in an empty tumbler and 
watch him begin to raise a family. After three minutes 
there are two amoeba sitting in our crystalline labora- 
tory. After two hours, the tumbler is full, and we stop 
the experiment. 

As a further experiment we now take two amoeba 
and place them in another empty tumbler and time 
their reproduction rates. After three minutes, four 
amoeba are in the glass. If we allow the process to 
continue, how long, altogether, will it take the two 
amoeba to fill the tumbler? 


Problem 2: Each asterisk in the following division 
problem stands for a single digit. Given only the 
information shown below, can you deduce the dividend 
and the divisor? 

FEQ** 
+) EEE 
2K 








—_ 


J. W. W. 


(Answers to last month’s problems are on page 170) 
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It is now common knowledge that the 
United States is far behind Russia and Eng- 
land in current supply of scientific personnel. 
During the war, those European countries 
did not conscript their scientific and engi- 
neering students but, on the contrary, en- 
couraged them with financial aid. Because 
the United States did not do this, various 
observers have mentioned figures as high as 
155,000 as representing the shortness of the 
technical manpower supply. There is noth- 
ing, though, that we can do about the past; 
the reasons for our lack of foresight will not 
contribute to our future welfare. Therefore, 
we must see what can be done in the future 
so that we may assure ourselves of larger 
science reserve. 

The Congress of the United States is now 
considering, or has considered recently, sev- 
eral bills Tauaed to help our needs in this 
direction. All the bills are similar in purpose: 
the setting up of a National Science Founda- 
tion. The Foundation would have two func- 
tions; one would provide scholarships and 
fellowships to American citizens on the basis 
of talent, the other would help to finance 
very necessary basic research in colleges, 
universities, and other nonprofit research 
organizations. The former activity is an 
extension of activity now carried out by 
private foundations and corporations, as 
well as schools. However, their work has 
thus far been limited and many people who 
have the talent, but not the financial back- 
ground, are unable to study the six or seven 
years which are required for advanced re- 
search in the basic physical sciences — 
chemistry, physics, and mathematics. The 
long education prerequisite to research is 
and has been a block to its unlimited ex- 
pansion. Naturally, the problem of research 
raises certain questions. If there is to be 
long-range programs of scientific govern- 
ment-supported education, then what will 
those who receive its benefits do at the end? 
Will they go into industry and develop “new 
and better things for better living . . . ”? 
Or will they remain in a school or research 
institution and work at that mysterious 
field called “basic research”? The second 
function of the National Science Foundation 
is designed to relieve a modern worry on just 
this subject. Present estimates indicate that 
about ninety-five per cent of the money 
spent on research is devoted to the cause of 
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industrial research which is largely a devel- 
opmental type of work—radar on the 

rinciple of the microwave tube, new and 

tter cars for the automobile buyer, bigger 
and faster airplanes on the basis of a few 
fundamentals of gaseous flow and gaseous 
compressibility. Some scientists feel that at 
the present rate of allocation of funds, indus- 
trial and applied research will soon outstrip 
very materially the principles available for 
major developments, and the result will be 
a more or less static condition of scientific 
advance. The National Science Foundation 
will help to finance “‘basic research” in non- 
profit institutions, trying to assure us of a 
steady and ever-increasing flow of basic prin- 
ciples on which to base industrial research. 

There are three bills concerned with this 
subject. In the Senate, the Kilgore Bill has 
already passed, while the Magnuson Bill is 
either still in committee or has been by- 
passed. Representative Mills has intro- 
duced a corresponding bill into the House of 
Representatives. These differ on two main 
points: administration and disposal of pat- 
entable discoveries. One establishes a civilian 
board for control, while the other suggests a 
single man with an advisory board of promi- 
nent scientists. These differences seem 
trivial in view of the present necessity for 
the activation of the plans presented therein. 

The cost of the plan under a system 
would be trivial compared to our national 
military expenditure: some one hundred 
and twenty millions of dollars for five years 
of operation, during which time there would 
be annually presented six thousand scholar- 
ships and three hundred fellowships. 

Vannevar Bush, in his book, A 
the Endless Frontier,” stated that “. . . there 
must be more—and more adequate — 
military research in peacetime.” Whether 
or not you agree with this statement, it 
seems to be a need under the present setup 
of the world, and, if it is to be carried out, 
legislation must be enacted. 

We at Technology are the engineers and 
scientists of the future. In this capacity, 
we must concern ourselves with the problem 
of properly ee the science of the 
future with enough workers so that it may 
be sped along its destined path — so that 
we may gain and share in the future of 
mankind! 

E. M. K. 
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the ground does not depend on reflected radar pulses. 
Instead it uses pulses automatically transmitted over 
a common wide band by the planes whenever their 
receivers pick up any radar pulses. The responses are 
received over a directional antenna on the ground 
rotating in synchronism with the radar beam. They are 
subsequently fed into a different receiving set than that 
used for the normal radar. Such a selection is called 
comprehensive beacon radar (CBR). 

The selection of the planes on the PPI scope can be 
further limited in number to only the planes tuned to 
the particular ground station. This is done on the 
selective beacon radar (SBR) scope by having the 
plane also respond over its A band whenever it receives 
an R pulse from its own ground station. 

Under the beacon responder techniques, the plane’s 
transmitters are connected with barometric altimeters 
which modulate the responses slightly according to 
altitude. In this way the ground station gets fairly 
accurate altitude information which it can use to have 
PPI scopes for various general altitudes. 

The rate of rotation of the radar beam and the 
directional receiver in phase with it varies from station 
to station. Therefore a given ground station will not 
continually pick up either the reflected or response- 
transmitted pulse of another ground station. 

In this Navaspector system one ground receiver 
can receive both types of response pulses, and conse- 
quently the ground station must only be equipped with 
two receivers and one transmitter. The plane must 
have a receiver and a transmitter. 

The fourth component of the Navar system is 
Navamander. This function depends on the plane’s 
having Self-Distance equipment and derives most of its 
usefulness when the ground station has the Nava- 
spector scopes indicating the location of planes in the 
sufrounding area. The basic purpose of the Nava- 
mander system is to enable the ground station to com- 
municate with the planes non-verbally; that is, to send 
standard commands and questions to the planes by 
coded systems of pulses over channels other than those 
useful for audio frequencies. 


AIRPLANE EQUIPMENT 


FIRST LETTER OF PULSE SYMBOL 
ENOTES CHANNEL) 
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Navaspector function 


The first step in such an operation is to be able to 
pick out a particular plane and have an arrangement 
whereby that plane is the only one able to receive the 
message. For such a system all planes are located with 
respect to a ground station by polar coédrdinates. The 
plane’s azimuth and distance from the station give it 
an exact location. To reach a certain plane, a ground 
station sends out directionally a number of times two 
pulses, G,, with the interval of time between the two 
pulses standing for some message. But this only locates 
the direction of the selected plane and any plane on the 
radial line might get the message. The arrangement by 

(Continued on page 164) 
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NUMBER 5 OF A SERIES 


Why Condensers 
now live longer 


Testing and setting standards for ma- 
terials is a vital part of production at 
Western Electric. 

Take, for example, the tissue paper 
—about 1/10 the thickness of a hu- 
man hair—used as insulation between 
the turns of aluminum foil in millions 
of “paper” condensers for the Bell 
System. 

Condenser life is generally in direct 
proportion to the quality of tissue 
used. In studying effects of differ- 
ences in chemical composition, fibre 
structure, thickness, pinholes and 
other properties to set a standard of 
quality, engineers found intrinsic 
variables so great that a method of 
rating had to be developed. 

They solved this, problem by mak- 
ing’ sample condensers using each 
type of paper and checking them at 
high temperatures and high voltages 
to determine life expectancy. 

Correlating results of these acceler- 
ated life tests with manufacturing 
data led to improved paper making 
methods— paper manufacturing ma- 
chines of new designs—increased pro- 
duction of the right kind of paper— 
longer-lived ‘condensers. 





It’s hard to hurry 
a Switchboard 


One of the major problems faced by 
Western Electric engineers in the rush 
to make telephone switchboards fast 
—to meet unprecedented demands— 
is the complexity of manufacture in- 
volved. 

A recent study of what it takes to 
make a certain much-needed type of 
manual switchboard installation con- 
sisting of ten operator positions will 
give you some idea of the complexity. 
Here are the principal items of appa- 
ratus required: 5,680 relays; 19,500 
jacks; 15,000 lamps of various kinds 
plus their lamp sockets and mount- 
ing; 17,000 lamp caps of various col- 
ors and designations; 450 mounting 
plates of relays, condensers and resist- 
ances; 580 resistances; 550 condens- 
ers; 360 fuses; 691 jack spaces and a 
total of 1,071,000 conductor feet of 
wire and cable! 





In spite of this complexity, Western 
Electric is speeding switchboards on 
their way. Production in 1946 of 
manual switchboards is expected to 
break a record of 16 years’ standing. 









‘Problem for 
Production Engineers 


Easy? Not when it means providing 
machine capacity for welding a bil- 
lion precious metal contacts per year 
— five times the previous maximum 
production rate! This problem was 
one of the most critical faced by 
Western Electric engineers in meet- 
ing tremendously increased demands 
for telephone equipment. 

A pair of these contacts is required 
at every point in telephone circuits 
where current is interrupted in switch- 
ing. They minimize “noise” in your 
telephone receiver. They’re made of 
bi-metal tape—the contact surface is 
paper-thin precious metal, usually 
palladium. The balance is less expen- 
sive metal such as nickel. 

By providing recently developed 
electronic control equipment and 
making mechanical improvements in 
the precision welding machines — 
which must cut off small pieces of 
tape, accurately position them on 
telephone apparatus parts and weld 
them securely—the engineers pushed 
operating speeds to a new high. 

Result: only about two-thirds as 
many hard-to-get new welding ma- 
chines were needed —a half-million 
dollars were saved—and welds of 
higher quality are being produced at 
the rate of a billion a year! 


Manufacturing telephone and radio apparatus for the Bell System is Western Electric’s primary job. It calls 
for engineers of many kinds — electrical, mechanical, industrial, chemical, metallurgical — who devise 
and improve machines and processes for large scale production of highest quality communications equipment. 


Western Electric 
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ERICAN INDIA 


ie engineering student will be interested 1n this Okonite 
research publication* giving data in connection with carrying 
greater emergency loads on power cables. Write for your copy 
of Bulletin OK-1017. The Okonite Company, Passaic, N. J. 


*By R. J. Wiseman, chief engineer of The Okonite Co., 
presented before a joint meeting of the Missouri Valley 
Electrical Association and Southwest District A.1.E.E. 
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THE RADIO SOCIETY OF M. I. T. (Electrical Engineering) because of their interest in elec- 


(Continued from page 152) tricity, but there are members scattered among all the 

courses offered by the Institute who, because they 

member of the Society can be seen chatting over it desire to learn something about the interesting field of 
with other amateurs in the vicinity. radio and to learn a lifetime hobby to which they can 


During the years that it has been in existence, the _ turn in their spare time, have entered the Radio Society 
Radio Society has continually been in the forefront of — of M. I. T. 
the developments in radio. It was 
one of the very first amateur stations 
to transmit across the Atlantic, and 
thus received nation-wide attention 
in the 1920’s. It reached Hawaii in 
1923 and Japan in 1926, and within 
a few years the members of the So- 
ciety were communicating with coun- 
tries all over the world — with Chile, 
Austria, Germany, Poland, and Aus- 
tralia, among many others. In 1935 
the Society codperated with the 
Aeronautical Engineering Society of 
M.I.T. in equipping gliders with 
two-way radios. At present the 
Society is considering the very diffi- 
cult task of setting up a television 
station so that it would be possible 
‘not only to talk over the air but also 
to see the person to whom one is 
talking. 
Many of the members of the 
Radio Society are in Course VI 


Operating the code-practice 
machine 
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Two thousand lives... 
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The work of research men is more than just a job... it’s a way of life. 
These men of microscopes and molecules are modern crusaders, living their 
jobs, enhancing the world’s progress. 
Over 2000 such men carry on petroleum research in Esso Laboratories. 
Their company firmly believes in the necessity and importance 
of their discoveries. 
To assist them, the Standard Oil Company has provided the largest 
modern petroleum research laboratories in the United States... and 
is presently enlarging them. Here, over 2000 scientists and technicians work 
intensively, unendingly. They represent this company’s determination 
to lead in petroleum research. Their continuing progress assures 
ever better quality and dependability in Esso Products... at sea, in the 
air, and on the ground. 


Unending research work assures the high quality of all Esso Products 

























How would you do it? 


THE SIMPLE ANSWER: 
Use an S.S.White power 
drive flexible shaft to 
transmit power to the 
chuck. The shaft provides 
a positive, dependable 
drive that permits free 
movement of the chuck in 
any direction. 


% % * 


This is just one of hundreds 
of remote control and 
power drive problems to 
which S.S.White flexible 


WRITE FOR BULLETIN 4501 


It gives essential facts and engineering data 
about flexible shafts and their application. A 
copy is yours free for the asking. Write today. 


SS.WHIT E INDUSTRIAL Pe 





PROBLEM: You are designing a valve grinding machine. You have to 
provide a drive for the chuck that holds the valve stem. This chuck 
must be adjustable in three different directions. Your problem now is to 
devise a method of driving the chuck which permits these adjustments. 





This is how one large manufacturer did it. 


shafts provide a simple answer. That's why 
every engineer should be familiar with 
the wide range and scope of these useful 
“Metal Muscles’* for mechanical bodies. 





-*Trade Mark =~ 


gPt.c, 10 EAST 40th ST., NEW VORK 106, N. Yreur 
FLEXIGLE SHASTS © FLEXIBLE SHAFT TOOLS © AIRCRAFT ACCESSORUS 
SMALL CUTTING AND GRINDING TOOLS © SPECIAL FORMULA RUBOERS 
MOLDED RESISTORS © PLASTIC WPECIALTIES © CONTRACT PLASTICS MOLDING 


One of Americas AAAA Industrial Enterprisee 
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which only the plane at the proper 
distance receives the message works 
thus: The ground station sends out 
omnidirectional pulses, G,, through 
another transmitter at a certain reg- 
ular rate per minute. The time in- 
terval between the sending of one 
of these G, pulses and the first com- 
ponent of the two G, pulses is set 
by the ground station and corre- 
sponds to the radial distance of the 
plane. Therefore the plane’s re- 
ceiver equipped with a distance gate 
receives only the coded pulses G, 
sent in its direction and lagging the 
G. pulse by the time which the 
plane’s Self-Distance apparatus se- 
lects. Then it responds to the G, 
pulses in a predetermined manner. 
If the G. message is a request for 
the plane to identify itself or give 
its exact altitude, the plane’s trans- 
mitter will accordingly send out in 
its A band pulses arranged in groups 
of two with the distance between 
the two pulses of any one group 
meaning some standard answer. 
This answer will then be picked up 
by the ground’s directional receiver 
equipped to decode the message. If 
the ground station sends astandard 
command, the coded pulses will acti- 
vate gear on the plane’s instrument 
panel which by appropriate sym- 
bols will tell the pilot perhaps to 
rise one thousand feet or even to 
tune his two-way radio in on such 
and such a channel if the station 
wishes to jtalk to him. 

To the pilots one very pleasant 
aspect of this arrangement is that 
they will no longer have to keep 
continually tuned to the common 
channel used by the airport from 


which they are receiving instruc- - 


tions. They will not have the nerve- 
racking duty of listening to every- 
body else’s chatter just in case there 
should be a message for them. 

The Navamander unit by itself 
requires two transmitters and one 
receiver on the ground and one re- 
ceiver and one transmitter in the 
plane. But this does not consider 
the Self-Distance and Self-Azimuth 
equipment which the plane must 
have for the Navamander to func- 
tion. When all these work in con- 
junction with Navaspector, the 
ground can watch for possible col- 
lisions and then identify the planes 
approaching each other and give 
them instructions on what to do. 
Most of this can even be done with- 
out the use of two-way radio com- 
munication — an attribute greatly 
to be desired since in general there 


(Continued on page 166) 
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Television camera, receiving tube, all-electronic receiver and radio relay equipment 
—are the result of pioneering and research at RCA Laboratories. 


Behind every big stride in Television- RCA Laboratories! 


From the scene of action—to your own liv- 
ing room—these RCA developments based 
upon research at RCA Laboratories mean 
television at its finest: 


RCA Image Orthicon Camera sees what- 
ever the human eye sees, even in the light 
of a match! Sports events on cloudy days 
or in twilight do not fade because this 
super-sensitive camera eliminates the need 
for strong lighting. 


RCA Mirror-backed Kinescope—search- 
light brilliance for home television. All the 
lifelike realism and detail caught by the 
RCA Image Orthicon Camera is reproduced 
by this new receiving tube that loses none 
of the original brilliance. 
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RCA Victor Television Receiver—with the 
new RCA exclusive “Eye Witness” feature 
that “locks” the picture, keeps it bright, 
clear—as steady as a picture on the wall. 


RCA Radio Relay equipment enables tele- 
vision stations to broadcast events taking 
place far from the studio, and eventually 
may link television networks. In televi- 
sion, as in radio, Victrola* radio-phono- 
graphs, records, or tubes, if it bears the 
name RCA or RCA Victor, it is one of the 
finest instruments of its kind science has 
achieved. 

Radio Corporation of America, RCA Building, 
Radio City, New York 20 . . . Listen to The 
RCA Victor Show, Sundays, 2:00 P. M., East- 
ern Time, over NBC, *'Victrola" T. M. Reg. U. S. Pat. Off. 





RCA VICTOR table model tele- 
vision receiver with the exclusive 
“Eye Witness Picture Synchro- 
nizer” that assures you brighter, 
clearer, steadier pictures. It is now 
available in some areas—see your 
local RCA Victor dealer. 


RADIO CORPORATION of AMERICA 
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WRITE FOR 
NE’s 


ELECTRICAL 
DATA 
HANDBOOK 


National Elect, 


OHOETS COnesay. 


1 
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Pittsburgh Fe 


Here’s a 350-page, 8’ x 10” handbook that is invaluable to 
electrical engineers. It’s an illustrated, products and parts 
catalog. Has handy reference tables, wire and cable termin- 
ology, formulas, specifications, electrical symbols for arch- 
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NAVAR 
(Continued from page 164) 


is more chance for mistake and misunderstanding with 
verbal messages than with visual ones. 


The last semi-independent unit in Navar is Nava- 
scope. Basically it is a method for transmitting to the 
lané information collected by equipment similar to 
Semana and having it displayed there on a PPI 
scope. This is all done with a minimum of equipment 
in the plane, and is only dependent on the plane’s hav- 
ing Self-Distance and Self-Azimuth information. 


Quite naturally the ideal form for flying safety 
calls for a map-like display in the plane of all the 
planes roundabout. Radar with its rotating antennas, 
etc., is bulky and heavy, and such air-borne units de- 
crease the plane’s pay load considerably. But if the 
basic scanning work is done on the ground where size 
and weight are not so important, and it is still possible 
to get to the plane a display which clearly identifies 
the particular plane and also displays all planes within 
the vicinity, then a great deal has been accomplished. 


In Navascope the ground station sends out direc- 
tional radar pulses and receives answers from the planes 
with pulse response transmitters. The selection here is 
the same as that of the CBR scope in the Navaspector 
function showing all planes with beacon responder 
apparatus regardless of whether they are tuned to the 
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same station. It does not account for “stranger planes” 
(ones without response equipment). But they can be 
covered by the ground station with Navaspector. This 
way the plane has a clearer, more understandable scope, 
and the ground can give warning if any “stranger 
plane”’ is likely to cause a collision. 


In Navaspector the system of pulses, AR, received 
at the ground station in answer to its R pulses stands 
for the location of planes. These pulses activate a 
cathode ray tube as they are fed into it. In Navascope 
these AR pulses are transmitted to the plane (GAR 
ee where they are then fed into a cathode ray tube. 

owever. they must be properly oriented there. To do 
this the ground station sends out omnidirectionally 
pulses, G,, in its G band in exact synchronism with its 
search radar pulses. At the plane the time interval 
between the arrival of a G, pulse and a GAR pulse is 
proportional to the distance of the object. Thus it is 
possible in the plane to determine the radial distance 
from the center of the scope that the blip belongs. 
The ground station sends out another pulse, G,, in its 
G band every time its directional radar points north. 
By gauging the time interval between a G, pulse and 
a GAR pulse the azimuth of the blip on the scope can 
be determined. 


The pilot gets a clear indication of just which blip 
on the scope stands for his plane, because that blip is 
made brighter than all others by the addition of an 
extra spurt of voltage when the GAR pulses received 
represent the same spot on the scope as that at which 
the Self-Distance and Self-Azimuth meters indicate 
the plane to be. 


In order that the blips on the scope do not indicate 
the location of the planes flying at all altitudes, the 
pulses representing planes are modulated slightly 
according to their altitudes. This operation is the same 
as that discussed under Navaspector. With such an 
arrangement the plane’s receiver can be adjusted so 
that only planes flying within five hundred feet of its 
altitude are shown on its scope. 


The plane’s direction of flight relative to its scope 
is given by a transparent disk with parallel arrows on it 
which is set over the scope and is controlled by a gyro 
beading mechanism. 


When all the various Navar functions are com- 
bined into one system, they provide for a wealth of 
information to both the pilot and the ground personnel. 
Both pilot and ground watchers have a view of the gen- 
eral situation. The pilot knows what planes are at 
approximately his height and he also has a means other 
than his scope of determining his exact location. The 
ground station can learn the exact altitude of any 


‘plane, and it can communicate with the planes tuned 


to it easily and accurately. Both plane and pilot 
receive double sets of certain information from inde- 
pendent sources. This is important as a safety aid, for 
thus apparatus cannot get out of adjustment and 
vield incorrect results without being noticed. 


Another major feature to Navar is the way parts 
of it can be adopted piecemeal and then welded into a 
single unit which makes combined use of its‘equipment. 
A receiver used in the Self-Azimuth operation can be 
used at the same time for the Navamandar function. 
The result is that, while any one operation can require 
as many as two receivers and one transmitter in the 
plane and two receivers and two transmitters on the 
ground, the whole Navar unit requires only two 
receivers and one transmitter on the plane and four 
receivers and three transmitters on the ground. 


THE TECH ENGINEERING NEWS 










































Hearine A PIECE OF METAL 
BY OPEN FLAME, BLOW-TORCH 
OR FURNACE IS RELATIVELY SLOW— 
APT TO LEAVE SCALE... ITS HARD To 
HEAT ONE SPECIFIC AREA WITHOUT HEATING THE WHOLE PIECE, 


RODUCTION MEN REALIZED HEAT-TREATING OPERATIONS 
SUCH AS FORGING, PRECISION BRAZING AND SURFACE 
HARDENING -COULD BE STEPPED WAY UP IF A FASTER 
METHOD OF HEATING COULD BE FOUND... ONE WHICH 
WOULD CONCENTRATE THE HEAT AT PRE-SELECTED AREAS! 


SY Hear BY INDUCTION sEEMED 
LIKE THE ANSWER. SCIENCE HAD ALREADY 
DISCOVERED THAT METALS HEAT RAPIDLY 
WHEN INTRODUCED INTO A HIGH FREQUENCY, 
HIGH DENSITY MAGNETIC FIELD! 


CYCLE CURRENT THEN STEPS IT UP TO 450,000 CYCLES. 
A MAGNETIC FIELD OF HIGH DENSITY IS SET UP IN WORK 
COIL AND WHEN METAL IS INTRODUCED INTO THIS FIELD, 
PASSAGE OF CURRENT CAUSES POWER LOSSES WHICH PRO- 
DUCE HEAT WITHIN THE METAL WITH INCREDIBLE SWIFTNESS. 
ieee tical Bic BENEFITS: COMPLETE, SELECTIVE CONTROL 
Saar OF HEAT PENETRATION... EXACT UNIFORMITY... 
C3 PUSH BUTTON XP GREATLY INCREASED PRODUCTION! 
METAL IS HOT IN SPLIT SECONDS . 
ALLIS-CHALMERS MANUFACTURING CO, ae ee MILWAUKEE 1, Wis. 


ELECTRONIC HEATER 18 ONE MORE EXAMPLE OF HOW 
ALLIS-CHALMERS RESEARCH AND EXPERIENCE GOTO WORK 
FINDING BETTER, FASTER, MORE EFFICIENT WAYS OF HANDLING 
PRODUCTION PROBLEMS -ANOTHER GOOD REASON WHY A-C EQUIP- 
MENT (S IN DEMAND IN EVERY MAJOR INDUSTRY... 


ALLIS © CHALMERS 


ONE OF THE SIG 35 IN ELECTRIC POWER EQU/PMENT 


BIGGEST OF ALL /N RANGE OF /NOUSTRIAL PRODUCTS 
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COSMIC RAY PHENOMENA 
(Continued from page 150) 


from a westerly direction, and therefore whether most 
of the cosmic rays are negative or positive. Professor 
Rossi of M. I. T., who was the first to propose the above 
scheme, has shown by experiment that most of the 
rays come from a westerly direction, hence positively 
charged cosmic rays seem to be more numerous than 
negative ones. We must note that there is no upper 
limit to the energies which the cosmic rays which reach 
the earth may have. Furthermore, we should note that 
rays with energies in excess of 6X10" ev. are not 
appreciably deflected by the magnetic field of the 
earth. Before we go on to the study of more cosmic ray 
phenomena, let us summarize the information we have 
gained thus far as follows: the cosmic rays which reach 
the earth are, at least in part, charged particles, mostly 
positive, with energies in excess of 610° ev. and 
therefore possessing great penetrating power; they 
arrive from outer space, where their distribution is 
isotropic; and at sea level they have at least two com- 
nents of different penetrating power. 

In 1928, P. Shobelzyn, who was the first to use 
cloud chambers in photographing the path of cosmic 
rays, noticed that the tracks of the cosmic rays tended 
to come in groups. He discovered that the particles 
making the tracks must have originated in the walls of 
the chamber and consequently must have been second- 
ary particles produced by the primary cosmic rays. 
Shortly afterward, Professor Rossi of M. I. T. showed 
how important these secondary effects were by the use 
of coincidence counters. The most convincing method 
of showing that cosmic radiations do produce second- 
aries consists of plotting the change of ionization pro- 
duced by shielding the counters against the thickness 
of the shield used. The ionization produced by the 
cosmic rays is actually increased when thin shields of 
lead are placed above the counter! This occurrence can 
be explained only if we assume that the cosmic rays 

roduce showers of secondary particles in the lead. 
Since ionization depends more on the number of 
ionizing particles than on their energy, the secondary 
particles will produce more ionization than the energetic 
primary ray. Of course, if the thickness of material is 
increased even further, the ionization begins decreasing, 
since a great many of the secondaries are being ab- 
sorbed. The curve for this reaction is given in Figure 2. 
This curve is often called the Rossi curve, in honor of 
Professor Rossi, who was the first to perform the above 
experiments. 

After they had established the existence of these 
showers of secondary particles, the physicists investi- 
gated the properties of the individual particles. The 
apparatus they used consisted of a Wilson cloud cham- 
ber placed between the poles of an extremely strong 
magnet of about 1000 gauss, which produces an effect 
similar to that of the earth’s magnetic field. A charged 
cosmic ray passing through the cloud chamber is 
deflected by the powerful magnet; hence the track of 
water droplets which the cosmic ray leaves will be 
curved. By measuring the direction and the amount of 
curvature, it is possible to accurately estimate the sign 
and kinetic energy of the cosmic ray. By this scheme of 
analysis, the secondary cosmic rays present in the 
showers were found to have the mass of electrons. 
However, a large number of the tracks were curved in 
the opposite livsehion to that in which negative 
particles would go. Either these tracks were made by 
positive electrons coming downward or by electrons 
traveling away from the earth. Anderson proved that 
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the former case is the true one in the following manner: 
by dint of great patience he obtained a cloud chamber 
photograph of the path the disputed particle followed 
in crossing a cloud chamber which contained a plate of 
lead placed horizontally across the center of the 
chamber. The path was curved more below the plate 
than above. A particle crossing the plate from above 
should lose energy, and hence have a more curved path 
below; a particle crossing the plate from below should 
have its path more curved above the plate. Since the 
former case was shown to be true in Anderson’s photo- 
graph, the secondary particle was obviously a positron. 
Anderson received a Nobel prize for his work. 

Soon after Anderson’s success, the process of pair 
formation was discovered and investigated. Pair 
formation is the process by which an energetic photon 
materializes into a positron and an electron. Since the 
photon has no charge, the net charge of the particles it 
produces must be zero — as is the case with an electron 
— positron combination; since energy must be con- 
served, the energy of the photon must be the equivalent 
of at least twice the mass of an electron, according to 
the well-known relation: 

E=mc 

Since the mass of an electron is equivalent to 5X 10° 
ev., the photon must have a minimum energy of 10° ev. 
Any excess energy possessed by the photon is con- 
verted into the kinetic energy of the product electron 
and positron. There is still one more law that must 
hold in this process; namely, the conservation of 
momentum. It is possible to show that momentum 
cannot be conserved in the process of pair-formation 
unless a third particle is involved; hence this process 
cannot take place in a vacuum. Not long after the dis- 
covery of pair formation, the existence of its inverse 
phenomenon was demonstrated. In other words, it was 
shown that when aslow electron and a slow proton 
meet, they fuse and disappear as two quanta of light, 
traveling in opposite directions so that the law of 
conservation of momentum is not violated. Later on, 
still another similar phenomenon was observed; an 
electron or positron may be greatly retarded in passing 
by a nucleus, the kinetic energy liberated by this 
retardation being emitted in the form of a photon. 
This process is known as Bremsstrahlung. In the light 
of these phenomena, the physicists were soon able to 
interpret the process of shower formation in the 
following way: a fast electron passing through matter 
produces photons by retardation (Bremsstrahlung); 
these photons produce pairs; each electron of these 
pairs produces more photons, etc. Soon a shower is 
formed which continues until the photons no longer 
have the requisite 10° ev. energy. cinee electrons are 
retarded very effectively by only the heavier elements, 
showers are formed much more often in the presence 
of heavy elements. Consequently, the Rossi curve 
shows a large initial increase of cosmic ray ionization 
only when elements like lead are used as a shield. By 
placing coincidence counters farther and farther apart 
horizontally, several physicists discovered that showers 
of over a million particles frequently occur over an area 
of about an acre. These showers must have been pro- 
duced in the middle atmosphere since: local showers 
could not possibly spread out so far. Therefore, great 
numbers of secondary electrons must exist in the middle 
altitudes. 

In many cloud chamber pictures of cosmic ray 
particles, there can be seen the tracks of heavy particles 
such as the proton. In addition, photographic plates 
often contain the path of such particles. Niehls Bohr 

(Continued on page 170) 
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SN NOK T’S photography’s “infinite capacity for 
x J ek taking pains” . . . its ability to repro- 
Oe es » ee duce crisply, exactly, completely . . . that 
ee \. makes a picture like this possible. 
- 74 i . And it’s this same capacity that makes 
VN \ possible many of the things photography 
is doing for business and industry. You 
see it at workin... 
Recordak microfilming . . . repro- 
ducing documents, records, and 
papers of all kinds with photo- 
graphic accuracy and completeness. 
. Photo Layout... transferring exact 
oe copies of complicated layouts and 
ba fe. drawings to metal. 
‘ “ Photographic illustration...repro- 
~ 7 ducing products exactly, realisti- 
cally. 
High-speed movies .. . recording, 
‘ with split-second precision, action 
too fast for the eye to follow. 
Photomicrography . . . magnifying 
microscopic areas with scientific 
exactness. 
Spectroscopy .. . performing quali- 
tative and quantitative analyses 
quickly, precisely. 
Our booklet, “Functional Photography,” 
tells you about other important things 
photography is doing in business and in- 
dustry because it has this “infinite capac- 
ity for taking pains.” Write for your copy. 
It is free. 


EASTMAN KODAK COMPANY 
ROCHESTER 4, N. Y. 
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Answers to last month’s 


ee ou aT) Dt? 


Problem 1: Our poor hunter should simply pack his 
gun in a cubic crate one yard on a side. It will be 
found that the gun will just fit if it is placed as the 
diagonal of the cube. The length of the diagonal is 
just a little more than the required five feet two inches. 


Problem 2: In the long run, B is safe in betting any 
amount of money he feels like wagering! This problem 
is the old St. Petersburg paradox and can best be 
explained on the basis of expectation. B’s probability 
of winning on the first throw is 44, and he wins $1. 
At the same time, his probability of winning on the 
second throw is 4, at which time he wins $2. Thus 
his probability of winning on any one throw of the 


coin is 4 at which time he will win 2”"' dollars. B’s 


Dn 
expectation on every throw of the coin is the product 
of the probability and the yield, and inspection will 
show that B’s expectation on every throw of the coin 
is 50 cents. His expectation on the overall game is 
thus simply an infinite series, all of whose terms are 
50 cents, or infinity! Anyone want to play? 


i ws 





COSMIC RAY PHENOMENA 
(Continued from page 168) 


has explained this cosmic ray phenomenon in the 
following way: when cosmic rays pass through a nucleus, 
the nucleus partially disintegrates, with the emission of 
protons and neutrons. This phenomenon is often called 
nuclear evaporation. Many of the more powerful bursts 
of ionization recorded by counters are produced by such 
protons rather than by electron showers. 

In measuring the depth to which the hard compo- 
nent of cosmic rays penetrated, the experimental 
physicists wanted to know how much energy an 
electron had to have in order to reach a given depth. 
The theoretical physicists, upon solving the problem, 
were able to say that no electron — with the possible 
exception of those with energy in excess of 10% ev. — 
could penetrate the given depth of material because an 
electron loses so much energy in producing photons. 
The experimental physicists, in order to check the 
theoretical conclusions, made careful calculations of 
the curvature in the path produced by the hard com- 
ponent in a cloud chamber under the influence of a 
strong magnet; they found that the theoreticians were 
right; the observed particle had a much greater mass 
than that of the electron. Shortly before, the Japanese 
mathematician Yukawa had postulated the existence 
of an unusual particle, which he called a heavy quan- 
tum, while developing a new theory of nuclear struc- 
ture. This particle, which was soon renamed the 
mesotron, had just the properties which the cosmic ray 
hard component was supposed to have; namely, a mass 
two hundred times that of an electron, and a unit 
charge, either positive or negative. Further experi- 
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mentation soon established the existence of the meso- 
tron. Yukawa had predicted that the mesotron would 
have a very unusual property; namely, it would decay 
after a half life of a few microseconds. Yukawa’s pre- 
diction was soon verified experimentally by comparing 
the absorbing power of the atmosphere with that of an 
equivalent thickness of lead. Recently Rossi, among 
others, has developed a new way to measure the mean 
life of a mesotron: the passing of a mesotron through a 
counter is recorded. Below the counter is a thick block 
of lead which slows the mesotron down so much that its 
decay electron is produced close enough to the first 
counter so that it can be detected by a second counter. 
The difference in time between the recordings gives the 
mean life of the mesotron. Although the mean life of 
the mesotron in its own system of reference is about two 
microseconds, the Lorentz-Fitzgerald contraction of 
time, which takes effect in the case of particles moving 
as fast as mesotrons, makes its lifetime appear longer 
to us. Several physicists have taken cloud chamber 
pictures of mesotron decay which show that an electron 
is produced upon the decay of a mesotron. However, 
an electron could not be the only particle produced by 
the halted mesotron, or the law of conservation of 
momentum would be violated. Consequently, the 
physicists had to invent a new particle, which they 
named the neutrino, or little neutron. As the name 
implies, the neutrino has no charge and very little mass 
(its rest mass is zero). We can now see that the hard 
portion. of the cosmic rays consists of a particle with 
mass 200 times that of an electron, a unit charge of 
either sign, and the property of decaying within a few 
microseconds with the emission of an electron and a 
neutrino. 

Now is the time to summarize all the information 
we have gained about the cosmic rays, so that we may 
grasp the underlying pattern. The best way to do this 
is to follow the course and the effects of the cosmic 
rays from the time they first approach our solar system. 
We shall put off until later any discussion of the origin 
of cosmic rays. According to present hypotheses 
primary cosmic rays consist of some combination of 
electrons, protons and photons, the latter being present 
in small numbers at best. As the electrons and/or 
protons approach the earth, they are first brought 
under the influence of the magnetic field of the sun and 
then under that of the earth. The deviating effect of 
these two fields is strong enough so that any particles 
with energies below 6 X 10° ev. are deflected away from 
the earth. Those particles with energies between 6 X 10° 
and 6X10'° ev. reach the earth following a curved 
path, while particles with energies greater than 10" ev. 
are not noticeably affected by the geomagnetic fields. 
We can see, therefore, that the cosmic rays, which were 
isotropic out in space, have assumed a definite structure 
by the time they reach the earth’s atmosphere. From 
this point, either or both of two hypotheses may be 
followed. We will assume first that the cosmic rays are 
streams of energetic electrons and second that they are 
streams of protons. A stream of primary electrons 
would, upon striking the atmosphere, produce photons 
by the process of sudden retardation. These photons 
would give rise to a positron and an electron, which 
would in turn produce more photons. Thus, increas- 
ingly large numbers of secondary particles would be 
produced until a depth of atmosphere corresponding to 
three feet of water had been reached, after which 
absorption would decrease the number of secondary 
rays. We will have to assume that the mesotrons 
would be produced by very energetic photons in a 
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A Challenge to Research Men 
and Engineers 


The use of techniques involving pres- 
sures up to and above 1,000 atmospheres 
(15,000 lbs. per sq. in.) has had a tre- 
mendous influence on chemical manu- 
facture in the past twenty-five years. 


The availability of unlimited quanti- 
ties of nitrates via ammonia from nitro- 
gen of the air by high pressure synthesis 
has greatly affected chemical economics 
as well as agriculture. 


The plastics industry, too, has bene- 
fited greatly by the reduction in price 
of urea from about 80¢ lb. to less than 
4¢, and methanol (to give formalde- 
hyde) from $1.25 gal. to less than 25¢. 


High pressure syntheses have also par- 
ticipated in a major way in the devel- 
opment of entirely new products such 
as nylon and polythene. In fact, starting 
from coal, air and water, Du Pont now 
makes over 120 widely used products. 

In addition to improving the existing 
processes of manufacturing ammonia, 
methanol, higher alcohols, urea and 
other important chemicals, Du Pont 
organic and physical chemists, chemi- 
cal, mechanical and metallurgical engi- 
neers have discovered and developed 
high pressure syntheses for the follow- 
ing: ethylene glycol; hexamethylene 
diamine; acetic, propionic and hydroxy- 
acetic acids; methyl formate; Ce-, C,o- 
and C,,- alcohols; and numerous others. 


Advantages and Problems 


The use of high pressures offers numer- 
ous advantages familiar to technical 
students, such as: (1) forcing an equi- 
librium in the direction of a volume de- 
crease, (2) overcoming the reversing 
effect of high temperatures in exother- 
mic reactions, (3) increasing reaction 
and through-put rates and (4) provid- 
ing, in some cases, a liquid phase which 
might not otherwise be present. 

The synthesis of urea from carbon 
dioxide and ammonia is a good illus- 
tration of some of these principles: 


CO, + 2NH; = CO(NH2)2 + H2O 


With three moles of reactants and only 
two of resultants, increase of pressure 
gives an expected increase in conversion. 





At the same time, the gaseous reactants 
are forced into the liquid phase to give 
higher concentrations and again better 
conversion. The reaction rate and there- 
fore the rate of passage through the re- 
action chamber are both increased by 
increasing the temperature under high 
pressure conditions. There are other 
equilibrium considerations that affect 
the industrial production of urea, but 
they are too lengthy to discuss here. 


Along with its advantages, the use of 
high pressure gives rise to problems that 
often severely tax the abilities of engi- 
neers and chemists. For example, (1) 
difficulties of design of packing glands, 
valves, connecting rods, closures, etc., 
increase rapidly with increased pres- 
sure, (2) extraordinary corrosion prob- 
lems arise in which even stainless steels 
are attacked and cannot be used, (3) 
ordinary steels are permeable to hydro- 
gen at higher pressures and tempera- 
tures. These are but a few illustrations 
of the challenge that high pressure 
studies present to the technical man 
and particularly to the metallurgical 
and mechanical engineer. 

High pressure synthesis has now be- 
come a separate field of industrial chem- 
istry with an apparently limitless future. 


More facts about Du Pont—Listen to “Cavalcade of America,” Mondays, 8 P.M. EST, on NBC 


JANUARY, 1947 


Atmospheres Pressure in the Ammonia and Methanol Syntheses. 

















































Questions College Men ask 
about working with Du Pont 


What kind of a technical 
organization does Du Pont have? 


There are ten manufacturing depart- 
ments in Du Pont, each operating as a 
separate organization and each with its 
own research and engineering staff. In 
addition, there is a central chemical de- 
partment and a central engineering de- 
partment. Consequently there is a wide 
variety of research and engineering work 
available to chemists, engineers and 
other technical specialists. For further 
information write for the new booklet 
“The Du Pont Company and the Col- 
lege Graduate,’’ 2521 Nemours Bldg., 
Wilmington, Delaware. 





REG. U. S. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING 
»+e THROUGH CHEMISTRY 


&. 1. DU PONT DE NEMOURS & CO. (INC.) 
WILMINGTON 98, DELAWARE 
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NATURE held the original patent on the whirl- 
ing force of the cyclone. But it was B&W who 
first put the idea to work separating water and 
solids from steam to improve the performance 


of boilers. 


B&W calls its adaptation of nature’s destruc- 
tive force to useful work, the Cyclone Steam 
Separator. Its use in power boilers makes larger, 
more rapid swings in power loads possible, 
raises boiler and turbine efficiency and cuts 
maintenance costs. 


Development of the Cyclone Steam Separator 
is but one of many examples of imaginative 


THE BABCOCK « WILCOX CO. 


engineering at B&W. Testimony that, while old 
enough to have pioneered important advances 
in many divergent fields, B&W is young enough 
to have new ideas— ideas for all industries, in con- 
nection with present problems or future plans. 


Through this progressive policy of continuous 
research and development, B &W offers tech- 
nical graduates excellent career opportunities 
in diversified fields of manufacturing, sales, 
engineering, research and in many other voca- 
tions. Send for the booklet ‘“‘Your Career.” It 
tells the story of the Babcock and Wilcox Com- 
pany in terms of your future. 


G-352 
85 LIBERTY STREET 
NEW YORK 6 N. Y. 





COSMIC RAY PHENOMENA 
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process analogous to that of pair formation. The 
primary electrons with energies below 10” ev. would 
poduce rather weak showers which would die out in 
the middle atmosphere. The mesotrons produced by 
these electrons would also decay at that height, giving 
rise to the small showers which constitute most of the 
soft component at sea level. On the other hand, 
showers produced by primary electrons with energies 
in excess of 10 ev. would still be strong at sea level, 
these showers producing the rather infrequent large 
bursts of activity which we notice. The mesotrons pro- 
duced by the energetic electrons would be able to 
penetrate considerable distances into the earth, after 
which they would decay with the emission of small 
showers. The energy received from the cosmic rays, 
which is equivalent to that received as light from all 
stars other than the sun, would ultimately be converted 
into heat. If we assume that protons are the primary 
cosmic rays, we would arrive at similar conclusions, 
except that the production of mesotrons would be 
accounted for by the splitting up of protons under the 
influence of nuclei, into positive and negative meso- 
trons, with the positive charge predominating. The 
latter theory seems to be in better accord with the 
observed fact that most cosmic rays are positive, 
although the former theory accounts more satisfacto- 
rily for the large number of secondary electrons produced 
at high altitudes. Neither theory provides a wholly 
adequate explanation of the phenomenon of nuclear 
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evaporation. In any event, we should realize that there 
might well be other forms of primary radiation with 
which we are not familiar. 

Now we can take up the fascinating problem of the 
origin of cosmic rays. There are three recognized 
theories of the origin of cosmic rays. Millikan has 
suggested that if an atom of atomic number about 
twenty were to be completely destroyed, one electron 
pair of the requisite 10'° ev. energy would be formed. 
However, there are two main objections to this theory: 
an electron stream flowing from an area of concentrated 
matter should have a large number of photons accom- 
panying it; this is not the case with cosmic rays. 
Furthermore, it would seem that any electrons pro- 
duced in such a way would be reabsorbed by the sur- 
rounding matter. In view of the above objections it was 
suggested that high energy electrons could be produced 
in the empty space within our galaxy if the center of 
our galaxy were positively charged and the perimeter 
negatively charged. However, if this were the case, we 
should be able to note marked anisotropy in the high 
energy cosmic rays reaching the earth; this is not the 
case. Furthermore, there would have to be some 
mechanism within our galaxy which would continually 
replenish the charge difference between the inner and 
outer portions of the galaxy, since the continual flow 
of electrons would tend to remove this charge differ- 
ence. H. Alfvén has proposed that the observed 
accelerations could be given electrons in the very 
powerful magnetic fields which exist between double 
stars. However, it is not likely that such a rare mech- 
anism could produce the very abundant cosmic rays. 
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SODA ASH CAUSTIC ASH _----"~ 
CAUSTIC SODA PHOSFLAKE (bottle washer) 


LIQUID CHLORINE---~SODA BRIQUETTES (iron desulphurizer) 
CALCIUM-CHLORIDE = CALCENE T (precipitated calcium carbonate) 
SODIUM BICARBONATE. SILENE EF (hydrated calcium silicate) 
MODIFIED SODAS PITTCHLOR (calcium hypochlorite) 
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NaHCO3—A white, crystalline salt 
- found in mineral springs and in huge alkali 


“deposits in California, Wyoming, and Nevada. Sometimes 


known as “baking soda,” “cooking soda,” and “saleratus” 
this sodium hydrogen carbonate is produced commercially 
by the ammonia-soda process, then refined and purified for 
a variety of uses in the preparation of foods and medicines. 
Sodium Bicarbonate is also used in leather and textile man- 
ufacturing, gold and platinum plating, fire extinguishers, 
wool and silk treating, and ceramic manufacturing. 


Your favorite crackers may be made with the aid 
of Columbia Sodium Bicarbonate, “Flour Blend” is a 
specially prepared Columbia Sodium Bicarbonate 
containing a small amount of tri-calcium phosphate. 
It is widely used in the preparation of self-rising 
flours and in the cracker-baking industry. 
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NATURE held the original patent on the whirl- 
ing force of the cyclone. But it was B&W who 
first put the idea to work separating water and 
solids from steam to improve the performance 


of boilers. 


B&W calls its adaptation of nature’s destruc- 
tive force to useful work, the Cyclone Steam 
Separator. Its use in power boilers makes larger, 
more rapid swings in power loads possible, 
raises boiler and turbine efficiency and cuts 
maintenance costs. 


Development of the Cyclone Steam Separator 
is but one of many examples of imaginative 


THE BABCOCK s WILCOX CO. 


engineering at B&W. Testimony that, while old 
enough to have pioneered important advances 
in many divergent fields, B&W is young enough 
to have new ideas— ideas for all industries, in con- 
nection with present problems or future plans. 


Through this progressive policy of continuous 
research and development, B &W offers tech- 
nical graduates excellent career opportunities 
in diversified fields of manufacturing, sales, 
engineering, research and in many other voca- 
tions. Send for the booklet ‘“‘Your Career.”’ It 
tells the story of the Babcock and Wilcox Com- 
pany in terms of your future. ren 


85 LIBERTY STREET 
NEW YORK 6 N. Y. 





COSMIC RAY PHENOMENA 
(Continued from page 170) 


process analogous to that of pair formation. The 
primary electrons with energies below 10" ev. would 
poduce rather weak showers which would die out in 
the middle atmosphere. The mesotrons produced by 
these electrons would also decay at that height, giving 
rise to the small showers which constitute most of the 
soft component at sea level. On the other hand, 
showers produced by primary electrons with energies 
in excess of 10 ev. would still be strong at sea level, 
these showers producing the rather infrequent large 
bursts of activity which we notice. The mesotrons pro- 
duced by the energetic electrons would be able to 
penetrate considerable distances into the earth, after 
which they would decay with the emission of small 
showers. The energy received from the cosmic rays, 
which is equivalent to that received as light from all 
stars other than the sun, would ultimately be converted 
into heat. If we assume that protons are the primary 
cosmic rays, we would arrive at similar conclusions, 
except that the production of mesotrons would be 
accounted for by the splitting up of protons under the 
influence of nuclei, into positive and negative meso- 
trons, with the positive charge predominating. The 
latter theory seems to be in better accord with the 
observed fact that most cosmic rays are positive, 
although the former theory accounts more satisfacto- 
rily for the large number of secondary electrons produced 
at high altitudes. Neither theory provides a wholly 
adequate explanation of the phenomenon of nuclear 


172 


evaporation. In any event, we should realize that there 
might well be other forms of primary radiation with 
which we are not familiar. 

Now we can take up the fascinating problem of the 
origin of cosmic rays. There are three recognized 
theories of the origin of cosmic rays. Millikan has 
suggested that if an atom of atomic number about 
twenty were to be completely destroyed, one electron 
pair of the requisite 10!° ev. energy would be formed. 
However, there are two main objections to this theory: 
an electron stream flowing from an area of concentrated 
matter should have a large number of photons accom- 
panying it; this is not the case with cosmic rays. 
Furthermore, it would seem that any electrons pro- 
duced in such a way would be reabsorbed by the sur- 
rounding matter. In view of the above objections it was 
suggested that high energy electrons could be produced 
in the empty space within our galaxy if the center of 
our galaxy were positively charged and the perimeter 
negatively charged. However, if this were the case, we 
should be able to note marked anisotropy in the high 
energy cosmic rays reaching the earth; this is not the 
case. Furthermore, there would have to be some 
mechanism within our galaxy which would continually 
replenish the charge difference between the inner and 
outer portions of the galaxy, since the continual flow 
of electrons would tend to remove this charge differ- 
ence. H. Alfvén has proposed that the observed 
accelerations could be given electrons in the very 
powerful magnetic fields which exist between double 
stars. However, it is not likely that such a rare mech- 
anism could produce the very abundant cosmic rays. 
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- found in mineral springs and in huge alkali 
known as “baking soda,” “cooking soda,” and “saleratus” 
this sodium hydrogen carbonate is produced commercially 
by the ammonia-soda process, then refined and purified for 
a variety of uses in the preparation of foods and medicines. 
Sodium Bicarbonate is also used in leather and textile man- 
ufacturing, gold and platinum plating, fire extinguishers, 
wool and silk treating, and ceramic manufacturing. 


Your favorite crackers may be made with the aid 
of Columbia Sodium Bicarbonate, “Flour Blend” is a 
specially prepared Columbia Sodium Bicarbonate 
containing a small amount of tri-calcium phosphate. 
It is widely used in the preparation of self-rising 
flours and in the cracker-baking industry. 
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Canadian Factory 


WINDSOR, ONT. 


NEW YORK 
106 Lafayette St 
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TAPES — RULES — PRECISION TOOLS 


So writes one of our cus- ©% 
tomers in December, 1860, Liv- : 
ing south of the Mason-Dixon 
Line, he complained of «% 
“Harrisburg bills that “We #2 
tannot do anything with that Ea 
money here." F 

This was seven years after 4i, 
George Frick had established {<j 
his steam engine business %3; 
(1853). The Company. which x 
still bears his name has since 














Frick Steam Engine, built 
in 1856, now in the Ford 
Museum, 


















faq ~ 48” Rew lived through four wars and 
ifrig. Machine|| Many nationwide financial ‘ 
SNS’): operated continu || crises. 





i In 1882 Frick Company be- & 
gan making the refrigerating +: 
machinery which is now the 4 
standard of excellence through- *< 
out the world. Many of the 3 
j Frick compressors built forty sy 
or fifty years ago are still in + 
daily operation. One of them Br 
has been on the job nearly * 
60 years. 4 
That's the kind of reliability 3 
only FRICK equipment gives. oa 
we 

3 

ie 


‘ously by Armour } 
for 35 years. 






























i Write for literature, “ 
The Frick Graduate Training 3 
| Course in Refrigeration and Ait } 
Conditioning, now in its 30th 

year, is approved under the G.I. is 
Bill of Rights. 5 


Frick Co. Waynesboro, Pa. 
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Large 4-Cylinder Frick 
Compressors of today with 
300-h.p. Motors. 
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THE SUN’S SONS 
(Continued from page 155) 


Saturn weighs 95 times as much as the Earth, travels 
at 6 m.p.s. and takes 29.5 years to revolve. It is a 
fairly bright object, rising at sunset, and keeping an all- 
night vigil near the constellation Leo the Lion, in the 
northwest sky. 

Saturn has always been known for its three rings, 
which are made up.of countless rock fragments, prob- 
ably the remains of a tenth moon, which came within 
the gravitational danger zone of the planet, and was 
annihilated. 

Uranus, with its four moons, is next. It is 1.77 10° 
miles out, has a diameter of 32.000 miles, travels at 
4.2 m.p.s. and takes 84 years to revolve. It is the 
constellation Taurus, the Bull, where it is barely visible 
to the naked eye. 

Neptune has one moon, takes 164.8 years at 3.4 
m.p.s. to revolve in an elliptical orbit 2.76 10° miles 
from its parent. It can only be seen with a telescope, 
and is not particularly exciting to look at. 

Pluto, the last of the planets, and the most recently 
discovered, has not been known long enough to reveal 
accurate knowledge. It is somewhat smaller in size and 
mass than the Earth, travels at 2.9 m.p.s. and takes 
248 years to complete its lonely orbit 366 million miles 
out in nowhere. 

These then are the main members of the Sun’s 
family. The lesser bodies, comets, asteroids and so 
forth will be taken up in a later issue. They are equally 
as important as the planets, for they are visitors from 
other worlds and other stars, bringing with them vital 
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knowledge of our own Solar System, and of worlds 
beyond. 


COLOR PHOTOGRAPHY 
(Continued from page 154) 


capable of giving as good results as any other process, 
and has the added advantage that successive color 
prints can be made very cheaply, as the matrixes can 
simply be redyed and retransferred on another piece 
of paper. At least ten prints can usually be made 
from one set of matrixes, if reasonable care is taken in 
handling them. 

A few processes, not on the market, are capable of 
making prints directly from the transparency without. 
the use of separation negatives. asics. these 
methods are extremely variable, slow, and usually 
tedious, and therefore cannot be seriously considered 
as a method of producing color prints in the case of the 
amateur. A discussion of these methods can be found 
by referring to “History of Color Photography.” 

Many new processes and modifications of old proc- 
esses can be expected on the market in the reasonably 
near future. However, only two processes are available 
for use at the present time. One must remember that 
a new surge in the demand for color film has occurred 
recently, due to the introduction of Ektachrome, 
Ansco Color, etc., and the demand for good methods 
of producing color prints will increase with this increase 
in demand for film. Therefore it is not unreasonable 
to expect that new processes will be introduced as soon 
as possible. 
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Be a better engineer- 
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A thorough understanding of the design 
and application of Timken Tapered Roller 
Bearings will enable you to solve at least 90% 
of the bearing problems you are ever likely to 
encounter when you begin your engineering 
career after graduation. 


tel a DS i ee, eee el 


When primitive man first made a hole in a 
crude wooden wheel and slipped it over a 
wooden axle he achieved the first function of 
a bearing — support. 


Support for wheels, shafts, gears and other 
rotating parts still is the primary purpose of 
bearings, but several other vital bearing re- 
quirements are needed in modern equipment. 


Ability to carry radial loads, thrust loads or 
both together in any combination is one of the 
most important of these. Ability to hold mov- 
ing parts permanently in alignment is another. 
Then of course there is the reduction of friction, 
although this quality is common, in varying 
degrees, to all anti-friction bearings. 


The tapered roller bearing was introduced by 


The Timken Roller Bearing Company nearly 
50 years ago and today is universally used 
throughout industry and transportation. Every 


genuine Timken Bearing is unmistakably iden- TRADEMARK REG. U. 8. 


tified by the trade-mark ‘‘TIMKEN” stamped TAPERED ROLLER BEARINGS 


on cup and cone. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON 6, OHIO 
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OVIE FILM carriers are an 
M excellent example of using 
plastics where plastics belong. 

The film carrier illustrated is 
only one of many types made 
from Synthane laminated plas- 
tics. Synthane is well-suited for 
the job because it stoutly resists 


SYNTHANE TECHNICAL PLASTICS wor 


the corrosive action of develop- 
ing solutions. 

The teeth, though small, must 
be strong and accurately in- 
dexed. They are easily milled 
from Synthane. 

Whenever in your future 
work you have an application 


for laminated plastics, let us 
know about it— before you de- 
sign, if possible. 

Synthane’s help includes de- 
sign, selection of the right ma- 
terial, and fabrication by men 
who know plastics. Synthane 
Corporation, Oaks, Penna, 
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PRECISION ENGINEERING AND MANUFACTURING FACILITIES FOR MASS PRODUCTION 


Sorry, but we haven't all the know-how to do it yet. The best we can do 
now is to mass produce parts with tolerances to ‘“quarter-tenths” and with 
surface finishes to “millionths”. We'll keep it in mind, however, because we 
are always intrigued with so-called “impossible” problems. 

Thus far, such problems have been solved by our “Mass Precision” method 
—a method perfected by Nichols for mass producing parts and assemblies 
to the most precise dimensions, on a strictly interchangeable basis. Such 
parts are low in cost— so low, in fact, that you will doubtless find “Mass 
Precision” cheaper than less accurate means. 

Someday Nichols may be able to fill an order to slice off a layer of atoms 
— inthe meantime you should investigate the present quality cf Nichols’ parts 
and assemblies. Write for the new booklet “Mass Precision”. It shows what 
Nichols has done for others — suggests what can be done for you. 

W. H. NICHOLS COMPANY, 48 Woerd Ave., Waitham 54, Massachuse*s 
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FLIGHT TEST ENGINEER 


The Story of 
CURT TALBOT 


FTER he came on ‘“‘Test’’ with 

General Electric in 1936, Curt 
Talbot kept right on studying elec- 
trical engineering, this time in the 
company's general and commercial 
courses. 

Between hours of work and study he 
went out to the Schenectady airport to 

ractice flying, piling up 500 flying 
ours and obtaining his commercial 
rating. 

By taking lessons in both these 
fields—and taking them seriously, 
Curt was, unknowingly, giving him- 
self the best possible preparation for 
his present job—that of Manager of 
the new General Electric Flight Test 
Laboratory. 

During his first ane with the com- Curt helped pay his way through the U. of On Test with G.E., he was assigned to high- 
pany, Curt tested transformers, motors, neice slit pt ss Aaciime.? me Resse 
industrial control apparatus. Sie did inois by repairing radios in his spare time. vo’ mee wee ‘ormers. e continued his engi- 

. . . : . neering studies by taking G-E courses. 
application engineering on paper-mill 
and printing-press equipment. He 
worked as a sales assistant. 

But when the war placed a heavy 
demand on G. E. both for aircraft 
equipment and for men who under- 
stood it, Curt’s interest in flying was 
remembered. He was assigned to work 
on turbosuperchargers. 

Today, ten years out of Illinois, 
Curt Talbot manages a laboratory 
large enough to house its own fleet of 
test planes. He supervises the testing 
of jet-propulsion and _ gas-turbine 
engines, radar applications, turbo- 
superchargers, aircraft instruments, 
automatic pilots and control systems. 
And he directs the use of the ‘‘flying 
laboratory’’—a B-29 especially equip- 
ped for test flights. 


He majored in electrical engineering. 


In his spare time Curt learned to fly. His Today Curt is nager of th -E Flight Test 
Next to schools and the U.S. Govern- . te Agi stoned svete abe ita pala 90° 
; knowledge of engineering plus flying gave Division. He directs the big new G-E Flight 

ment, General Electric employs : a A A : 

. ; him the opportunity, in 1940, of joining the Laboratory, center of tests on jet-propulsion 
more college engineering graduates yee : ‘ 

. ° Company's turbosupercharger program. engines, gas turbines, etc. 

than any other organization. 


GENERAL @ ELECTRIC 


The Murray Printing Company 
Cambridge, Massachusetts 








a 


a 


